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MOTOROLA 


LINEAR/INTERFACE 
INTEGRATED CIRCUITS 


This publication presents technical information for the broad line of Linear and Interface 
Integrated Circuit products. Complete device specifications are provided in the form of data 
sheets which are categorized by product type into nine chapters for easy reference. Selector 
guides by product family are provided in Chapter 2 to enable quick comparisons of performance 

characteristics. A cross-reference chapter lists Motorola direct replacement and functional equiv- 
alent part numbers for other industry products. 

A chapter is provided to illustrate package outline and mounting hardware drawings, and 
includes information on the new Surface Mounted (SMD), Small Outline Integrated Circuit (SOIC) 
packages. 

Additionally, chapters are provided with information on quality program concepts, high- 
reliability processing, and abstracts of available technical literature. 

The information in this book has been carefully checked and is believed to be accurate; 
however, no responsibility is assumed for inaccuracies. 

Motorola reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. Motorola does not assume any liability arising out of the 
application or use of any product or circuit described herein; neither does it convey any license 
under its patent rights nor the rights of others. Motorola and are registered trademarks of 
Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative Action Employer. 
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CQUAM®, MDTL, MECL, MECL 10, 


000, MONOMAX, MRTL, 
MTTL and Switchmode are trade 


marks of Motorola Inc. 


| Alphanumeric Index 
and Cross Reference 


Alphanumeric Index 


Device 
Number 


AD562 


AD563 


AM26LS31 


AM26LS32 


CA3054 
CA3059 
CA3079 
DAC-08 
LF347 
LF351 
LF353 
LF355 
LF356 


LF357 


LM11,C,CL 


LM101A 
LM108,A 


LM109 
LM111 


LM117 


LM117L 


LM117M 


LM123,A 
LM124 
LM137 
LM137M 


LM139,A 


Complete High-Speed 12-Bit 
Multiplying D/A Converter 

Complete 12-Bit High-Speed 
Monolithic D/A Converter 

Quad RS-422 Line with 
Three-State Output 

Quad RS-422/3 Line Receiver 
with Three-State Outputs 

Dual Differential Amplifier 

Zero Voltage Switch 

Zero Voltage Switch 

High-Speed 8-Bit Multiplying 
D-to-A Converter 

Family of BIFET Operational 
Amplifiers 

Family of BIFET Operational 
Amplifiers 

Family of BIFET Operational 
Amplifiers 

Monolithic JFET Operational 
Amplifier 

Monolithic JFET Operational 
Amplifier 

Monolithic JFET Operational 
Ampilitier 

Precision Operational 
Amplifiers 

General Purpose Adjustable 
Operational Amplifier 

Precision Operational 
Amplifiers 

Positive Voltage Regulator 

High Performance Voltage 
Comparator 

3-Terminal Adjustable Positive 
Voltage Regulator 

Low-Current 3-Terminal 
Adjustable Positive Voltage 
Regulator 

Medium-Current 3-Terminal 
Adjustable Positive Voltage 
Regulator 

3-Ampere, 5 Volt Positive 
Voltage Regulator 

Quad Low-Power Operational 
Amplifier 

3-Terminal Adjustable 
Negative Voltage Regulator 

Medium-Current 3-Terminal 
Adjustable Negative 

_ Voltage Regulator 

Quad Single-Supply 
Comparators 


Device 
Page Number 


LM140,A 
6-3 
LM148 
6-8 
LM150 
7-4 
LM158 
7-7 
10-3 LM193,A 
11-3 LM201A 
11-3 
LM208,A 
6-13 
LM209 
3-4 LM211 
3-4 LM217 
3-4 LM217L 
3-6 
LM217M 
3-6 
3-6 LM223,A 
3-16 LM224 
3-23 LM237 
3-27 LM237M 
4-4 
8-3 LM239,A 
4-9 LM248 
LM250 
4-17 
LM258 
4-25 LM285 
4-33 LM293,A 
LM301A 
3-32 
LM307 
4-39 
LM308,A 
4-46 
LM309 
8-9 LM311 


Three-Termina| Positive Fixed 


Voltage Regulators 4-53 
Quad MC1741 Operational 

Amplifier 3-38 
3-Terminal Adjustable Positive 

Voltage Regulator 4-69 
Dual Low-Power Operational 

Amplifier 3-44 
Dual Comparators 8-13 
General Purpose Adjustable . 

Operational Amplifier 3-23 
Precision Operational 

Amplifiers 3-27 
Positive Voltage Regulator 4-4 
High Performance Voltage 

Comparator 8-3 
3-Terminal Adjustable Positive 

Voltage Regulator 4-9 
Low-Current 3-Termina] 

Adjustable Positive Voltage 

Regulator 4-17 
Medium-Current 3-Terminal 

Adjustable Positive Voltage 

Regulator 4-25 
3-Ampere, 5 Volt Positive 

Voltage Regulator 4-33 
Quad Low-Power Operational 

Amplifiers 3-32 
3-Terminal Adjustable 

Negative Voltage Regulator 4-39 
Medium-Current 3-Terminal 

Adjustable Negative 

Voltage Regulator 4-46 
Quad Single-Supply 

Comparators 8-9 
Quad MC1741 Operational 

Amplifier 3-38 
3-Terminal Adjustable Positive 

Voltage Regulator 4-69 
Dual Low-Power Operational 

Amplifier 3-44 
Micropower Voltage 

Reference Diodes 5-3 
Dual Comparators 8-13 
General Purpose Adjustable 

Operational Amplifier 3-23 
Internally Compensated 

Monolithic Operational 

Amplifier 3-50 
Precision Operational 

Amplifiers 3-27 
Positive Voltage Regulator 4-4 


High Performance Voltage 


Comparator 8-3 
MOTOROLA LINEAR/INTERFACE DEVICES 
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Device 
| Number 
LM317 


LM317L 


LM317M 


LM323,A 
LM324 
LM337 


LM337M 


LM339,A 
LM340,A 
LM348 
LM350 
LM358 
LM385 


LM393,A 
LM2900 


LM2901 
LM2902 


LM2903 
LM2904 


LM3900 


|MC8T26A 


MC8T28 
|MC8T95 


MC8T96 
MC8T97 
MC8T98 
MC26S10 


MC26S11 


Function 


3-Terminal Adjustable Positive 
Voltage Regulator 

Low-Current 3-Terminal » 
Adjustable Positive Voltage 
Regulator . | 

Medium-Current 3-Terminal 
Adjustable Positive Voltage 
Regulator 

3-Ampere, 5 Volt Positive 
Voltage Regulator 

Quad Low-Power Operational 
Amplifier 

3-Terminal Adjustable 
Negative Voltage Regulator 

Medium-Current 3-Terminal 
Adjustable Negative 
Voltage Regulator 

Quad Single-Supply 
Comparators 

Three-Terminal Positive Fixed 
Voltage Regulators 

Quad MC1741 Operational 
Amplifier 

3-Terminal Adjustable Positive 
Voltage Regulator 

Dual Low-Power Operational 
Amplifier 

Micropower Voltage 
Reference Diodes 

Dual Comparators 

Quad Single-Supply 
Operational Amplifier 

Quad Single-Supply 
Comparators 

Quad Low-Power Operational 
Amplifier 

Dual Comparators 

Dual Low-Power Operational 
Amplifier 

Quad Single-Supply 
Operational Amplifier 

Quad Three-State Bus 
Transceiver 

Noninverting Bus Transceiver 

Hex Three-State Buffer/ 
Inverter 

Hex Three-State Buffer/ 
Inverter 


| Hex Three-State Buffer/ 


Inverter 

Hex Three-State Buffer/ 
Inverter | 

Quad Open-Collector Bus 
Transceiver 

Quad Open-Collector Bus 
Transceiver 


Device 
Number 


MC75S$110 | Dual Line Driver 


MC1404,A 


MC 1458, 
C,N 

MC1458S_| High-Slew-Rate Dual 

Operational Amplifier 


EM Stereo Demodulator 
EM Stereo Demodulator 
Dual Doubly Balanced 
Chroma Demodulator 
Low-Level Video Detector 


Low-Level Video Detector 


IF Amplifier 

IF Amplifier 

TV Video IF Amplifier 

Limiting FM IF Amplifier 

IF Amplifier and Quadrature 
Detector 

TV Sound IF Amplifier 

Color TV Video Modulator 

TV Video Modulator 

TV Modulator Circuit 

FM Modulator Circuit 

Color Television RGB to PAL/ 
NTSC Encoder 

TV Horizontal Processor 

TV Horizontal Processor 

Precision Voltage References 

Precision Low-Voltage 
Reference 

Precision Low-Drift Voltage 
Reference | 

6-Bit Multiplying Digital-to- 
Analog Converter 

8-Bit Multiplying Digital-to- 
Analog Converter 

Peripheral Driver Array 

Peripheral Driver Array 

Peripheral Driver Array 

Dual Differential Comparator 

Peripheral Driver Array 

Timing Circuit with Adjustable 
Threshold 

High-Voltage Operational 
Amplifier 

Dual Operational Amplifier 

Power Booster | 

High-Slew-Rate Operational 
Amplifier 

Wideband Amplifier 

4-Watt Power Amplifier 

Timing Circuit 

High-Performance Operational 
Amplifier 

Dual Operational Amplifier 
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Device 
Number 
MC 1463 
MC1 466L 
-1MC1468 
'|1MC 1469 
MC 1472 
MC 1488 
MC1489 A 
MC1494L 
MC1495L 
MC1496 


MC1500,A 
MC1503,A 


MC1504,A 
MC1506L 
MC1508 


MC1514 
MC 1536 


MC 1537 
MC1538R 
MC1539 
MC1545 
MC1554G 
MC1555 
MC 1556 
MC1558,N 
MC1558S 
MC 1563 
MC1566L 
MC 1568 
MC1569 
MC1590 
MC1594L 
MC1595L 
MC1596 


MC1709, 


A,C Amplifier 3-112 | 
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Adjustable Negative Voltage 
Regulator | 

Voltage and Current 
Regulator. 
Dual + 15-Volt Tracking 
Regulator | 
Adjustable Positive Voltage 
Regulator 

Dual Peripheral Positive 
NAND Driver 

Quad MDTL Line Driver 

Quad MDTL Line Receiver 

Four-Quadrant Multiplier 

Four-Quadrant Multiplier 

Balanced Modulator- 
Demodulator 

Precision Voltage References 

Precision Low-Voltage 
Reference 

Precision Low-Drift Voltage 
Reference 

6-Bit Multiplying Digital-to- 
Analog Converter 

8-Bit Multiplying Digital-to- 
Analog Converter 

Dual Differential Comparator 

High-Voltage Operational 
Amplifiers 

Dual Operational Amplifier 

Power Booster 

High-Slew-Rate Operational 
Amplifier 

Wideband Amplifier 

1-Watt Power Amplifier 

Timing Circuit 

High-Performance Operational 
Amplifier 

Low-Noise Dual Operational 
Amplifier 

High-Slew-Rate Dual 
Operational Amplifier 

Adjustable Negative Voltage 
Regulator 

Voltage and Current 
Regulator 

Dual + 15-Volt Tracking 
Regulator 

Adjustable Positive Voltage 
Regulator . 

Wideband Amplifier with AGC. 

Four-Quadrant Multiplier 

Four-Quadrant Multiplier 

Balanced Modulator- 
Demodulator 

General-Purpose Operational 


Device 
Page Number — 


4-77 


4-93 


4-103 


4-109: 


7-36 
7-39 
7-45 
11-22 


11-36 


4-93 
4-103 
4-109 
3-103 
11-22 
11-36 


11-51 


MC1710,C 
MC1711,C 


'MC1723.C 


MC1733,C 
MC1741,C, 
N,NC 
MC1747,C 
MC1748,C 
MC1776,C . 
MC3242A 
MC3301 
MC3302 
MC3303 
MC3320P 


MC3321P 
MC3324.A 


MC3325 
MC3334P 
MC3340P 
MC3344 


MC3346 
MC3350 
MC3356 
MC3357 
MC3358 
MC3359 
MC3361 


MC3370P 
MC3373 


MC3386 


MC3393P 
MC3396P 
MC3401 
MC3403 


Differential Comparator 

Dual Differential Comparator 

Adjustable Positive or 
Negative Voltage Regulator 

Differential Video Amplifier 

General-Purpose Operational 
Amplifier 

High-Slew-Rate Operational 
Amplifier | 

Dual MC1741 Operational 
Amplifier 

General-Purpose Operational 
Amplifier 

Programmable Operational 
Amplifier 

Memory Address Multiplexer 
and Refresh Address 
Counter 

Quad Operational Amplifier 

Quad Single-Supply 
Comparators 

Quad Differential-Input 
Operational Amplifier 

Class B Audio Drivers 

Class B Audio Drivers 

Memory Address Multiplexer 
and Refresh Address 
Counter 

Automotive Voltage Regulator 

High Energy Ignition Circuit 

Electronic Attenuator 

Programmable Frequency 
Switch 

General-Purpose Transistor 
Array 

Triple Independent Differential 
Amplifier 

Wideband FSK Receiver 

Low-Power FM IF 

Dual Low-Power Operational 
Amplifier 

Low-Power Narrow-Band FM 
IF 

Low-Voltage Narrow-Band FM 
IF 


Zero Voltage Switch 
Remote Control Amplifier- 
Detector 
General-Purpose Transistor 
Array 
Two-Modulus Prescaler 
Divide By 20 Prescaler 
Quad Operational Amplifier 
Quad Differential-Input 
Operational Amplifier 


8-22 
8-26 


4-128 
3-116 


3-124 
3-129 
3-135 
3-139 
3-143 


7-50 
3-152 


— 8-9 


3-162 
10-87 
10-87 


8-30, 
4-160 
10-91 
10-95 
10-99 
11-61 
10-102 
10-105 
10-107 
10-113 
3-176 
10-117] 


10-123 
11-66 


10-125 
10-102 | 
10-129 
10-131 
3-152 


3-162. 


Device 
Number 


MC3405 


MC3410,C 


MC3412 
MC3416 
MC3417 


MC3418 


MC3419, 
A,C 


MC3419-1L 
MC3419A- 


1L 


MC3419C- 


MC3423 


MC3424,A 


MC3425,A 


MC3430 
MC3431 
MC3432 
MC3433 


MC3437 


MC3440A 


MC3441A 


MC3443A 


MC3446A 


MC3447 


MC3448A 


MC3450 
MC3452 
MC3453 

C3456 


woe bua Teng Cit 


Dual Operational Amplifier 
plus Dual Voltage 
Comparator 

40-Bit D-to-A Converter 

High-Speed 12-Bit D/A 
Converter 

Crosspoint Switch 

Continuously-Variable-Slope 
Delta Modulator/ 
Demodulator 

Continuously-Variable-Slope 
Delta Modulator/ 
Demodulator 

Subscriber Loop Interface 
Circuit | 

Telephone Line-Feed Circuit 

Telephone Line-Feed Circuit 


Telephone Line-Feed Circuit 


Switchmode Regulator 
Control Circuit 

Overvoltage Sensing Circuit 

Power Supply Supervisory 
Circuit/Dual-Voltage 
Comparator 

Power Supply Supervisory/ 
Over-Under-Voltage 
Protection Circuit 

High-Speed Quad 
Comparator 

High-Speed Quad 
Comparator 

High-Speed Quad 
Comparator 

High-Speed Quad 
Comparator 

Hex Unified Bus Receiver 

Quad Interface Bus 
Transceiver 

Quad Interface Bus 
Transceiver 

Quad Interface Bus 
Transceiver 

Quad Interface Bus 
Transceiver 

Bidirectional Instrumentation 
Bus Transceiver - 

Quad Three-State Bus 
Transceiver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Driver 

Dual Timing Circuit 


Device 
Number 


MC3458 


Dual Low-Power Operational 
Amplifier 

MC3467 Triple Preamplifier 

MC3469P_ | Floppy Disk Write Controller 

MC3470P,_ | Floppy Disk Read Amplifier 


AP System 7-102 

MC3471 Floppy Disk Write Controller/ 

Head Driver 7-116 
MC3476 Programmable Operational 

Amplifier 3-182 
MC3480 Memory Controller Circuit 7-127 
MC3481 Quad Single-Ended Line 

Driver 7-142 
MC3482A,B| Octal Three-State Buffer/ 

Latch 7-147 
MC3484V2 | Integrated Solenoid Driver 10-133 


MC3484V4 | Integrated Solenoid Driver 
MC3485 Quad Single-Ended Line 


Driver 7-142 
MC3486 Quad RS-422/423 Line 
Receiver 7-151 


Quad RS-422 Line Driver with 
Three-State Outputs 
MC3488A,B| Dual RS-423/232C Driver 
MC3491 8-Segment Visual Display 
Driver 
Quad Differential-Input 
Operational Amplifier 
Dual Operational Amplifier 
plus Dual Voltage 
Comparator 
40-Bit D-to-A Converter 
High-Speed 12-Bit D/A 
Converter 
Continuously-Variable-Slope 
Delta Modulator/ 
Demodulator 
Continuously-Variable-Slope 
Delta Modulator/ 
Demodulator 
Switchmode Regulator 
Control Circuit 
Overvoltage Sensing Circuit 
Power Supply Supervisory 
Circuit/Dual-Voltage 
Comparator 
Power Supply Supervisory/ 
Over-Under-Voltage 
| Protection Circuit 
Dual Timing Circuit 
Dual Low-Power Operational 
Amplifier 
MC4558,AC| Dual High-Frequency 
.C,N,NC Operational Amplifier 


MC3487 


MC3503 


MC3505 


MC3510 
MC3512 


MC3517 


MC3518 


MC3520 


MC3523 
MC3524,A 


MC3525,A 


MC3556 
MC3558 
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MC4741,C | Quad MC1741 Operational MC33085,A/ Quad JFET-Input Operational 


Amplifier Amplifiers 

MC6875,A | M6800 Clock Generator/ MC34001 JFET-Input Operational 
Driver Amplifiers 

MC6880A | Quad Three-State Bus MC34002 JFET-Input Operational 
_ Transceiver Amplifiers 

MC6882A,B! Octal Three-State Buffer/ MC34004 JFET-Input Operational 
Latch | Amplifiers 


MC6885 Hex Three-State Buffer/ 
Inverter | 

Hex Three-State Buffer/ 
Inverter 

Hex Three-State Buffer/ 
Inverter 

Hex Three-State Buffer/ 
Inverter 

Noninverting Bus Transceiver 

8-Bit Bus-Compatible MPU D/ 
A Converter 


MC34010P 
MC34011P 
MC34012 
Series 
MC34013 


Electronic Telephone Circuit 
Electronic Telephone Circuit 
Telephone Tone Ringer 


MC6886 


MC6887 Speech Network and Tone 
Dialer 

Telephone Tone Dialer 

Telephone Tone Ringer 

Switchmode Pulse Width 
Modulation Contro| Circuits 

Three-Terminal 
Programmable Overvoltage 
Sensing Circuit 

Pin-Programmable 
Overvoltage Sensing Circuit 

DC to DC Converter Control 
Circuits 

Quad High Performance 
Single Supply Operational 
Amplifiers 

Quad High-Speed JFET Input 
Operational Amplifiers 

Quad High-Speed 
Decompensated (AVCL = 
2) JFET Input Operational 
Amplifiers 

JFET-Input Operational 


MC6888 MC34015 
MC34017 


MC34060 


MC6889 
MCé6890 


MC34061,A 


MC7800 
Series 


3-Terminal Positive Voltage 
Regulators 
Positive Voltage Regulators 


MC34062 


MC78LO00C, 


MC34063 


Positive Voltage Regulator 
MC34074,A 


Three-Ampere Positive 
Voltage Regulators 
Three-Terminal Negative 
Fixed Voltage Regulators 
Three-Terminal Negative 
Fixed Voltage Regulators 
Three-Terminal Negative 
Fixed Voltage Regulators 
Seven-Bit Parallel High-Speed 


MC34084,A 


MC34085,A 


MC10315L MC35001 


A/D Converter Amplifiers 
MC10317L | Seven-Bit Parallel High-Speed MC35002 JFET-Input Operational 
A/D Converter Amplifiers | 
MC10318L, High-Speed 8-Bit D/A MC35004 JFET-Input Operational 
Converter Amplifiers 


MC35060 | Switchmode Pulse Width 
Modulation Control! Circuits 
Three-Terminal 
Programmable Overvoltage 
Sensing Circuit 
Pin-Programmable 
Overvoltage Sensing Circuit 
DC to DC Converter Control 
Circuits 
MC35074,A! Quad High Performance 
| Single Supply Operational 
Amplifiers 
MC35084,A! Quad High-Speed JFET Input 
Operational Amplifiers © 
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MC13001P 


Monomax Black-and-White 
TV Subsystem 

Monomax Black-and-White 
TV Subsystem 

TV Parallel Sound IF and AFT 

CQUAM® AM Stereo Decoder 

DC to DC Converter Control 
Circuits 

MC33074,A/ Quad High Performance 

Single Supply Operational 

Amplifiers 

MC33084,A! Quad JFET-INput Operational 

Amplifiers 


MC35061,A 


MC13002P 


MC13010P MC35062 
MC13020P 


MC33063 


MC35063 


ae atilate 


Function 


Device 
Number Function 


Universal Microprocessor 


MC35085,A| Quad High-Speed TCA5600 
Decompensated (AVCL 7 Power Supply Controller 4-294 
2) JFET Input Operational TCF5600 | Universal Microprocessor 4-294, 
Amplifiers Power Supply Controller 10-175 
MC75107__ ‘| Dual Line Receiver TDA1085__‘| Universal Motor Speed 
MC75108 ‘| Dual Line Receiver A,B Controller 11-85 
MC75125 Seven-Channel Line TDA1185A | Triac Phase Angle Controller 11-92 
Receivers TDA1190P |TV Sound System 10-174 
MC75127 Seven-Channel Line TDA1285A | Universal Motor Speed 
Receivers Controller 11-99 
MC75128 Eight-Channel Line Receivers TDA3190P | TV Sound System 10-174 
MC75129 Eight-Channel Line Receivers TDA3301 |TV Color Processor 10-177 
MCC3334_ | High Energy Ignition Circuit TDA3303 |TV Color Processor 10-177 
MCCF3334 | High Energy Ignition Circult TDA3330 | TV Color Processor 10-191 
Phase-Locked Loop TDA3333_ | TV Color Difference 
Video Amplifier Demodulator 10-193 
Ultra-Low Noise Precision, +pA4600__ | Flyback Converter Regulator 4-305, 
High Speed Operational Control Circuit 10-218 
Amplifiers. TLO71 Low-Noise JFET Input 
Ultra-Low Noise Precision, Operational Amplifier 3-236 
High Speed Operational TLO72 Low-Noise JFET Input 
Amplifiers Operational Amplifier 3-236 
SAA1042,A | Stepper Motor Driver TLO74 Low-Noise JFET Input 
SE592 Video Amplifier Operational Amplifier 3-236 
SG1525A_ | Pulse Width Modulator TLO81 JFET-Input Operational 
Control Circuits Amplifier 3-243 
SG1526 Pulse Width Modulation TLO82 JFET-Input Operational 
Control Circuits Amplifier 3-243 
SG1527A Pulse Width Modulator TLO84 JFET-Input Operational 
Control Circuits Amplifier 3-043 
$G2525A_ | Pulse Width Modulator TL431 Programmable Precision 5-21, 
Control Circuits Series References 4-310 
S$G2526 Pulse Width Modulation TL494 Switchmode Pulse Width 
Control Circuits Modulation Control Circuits | 4-319 
SG2527A_ | Pulse Width Modulator TL495 Switchmode Pulse Width 
Control Circuits Modulation Control Circuits | 4-319 
SG3525A_ | Pulse Width Modulator TL780 Three-Terminal Positive 
Control Circuits Voltage Regulators 4-330 
SG3526 | Pulse Width Modulation UAA1016 | Zero Voltage Controller 
Control Circuits A,B 11-106 
$G3527A | Pulse Width Modulator ULN2001A | Peripheral Driver Array 7-32 
Control Circuits ULN2002A | Peripheral Driver Array 7-32 
SN75172 | Quad RS-485 Line Driver with ULN2003A | Peripheral Driver Array 7-32 
Three-State Output ULN2004A | Peripheral Driver Array 7-32 
SN75173 | Quad RS-422A/3 Line ULN2068B | Quad 1.5 A Darlington Switch | 7-201 
Receiver with Three-State ULN2074B | Quad 1.5 A Darlington Switch | 7-205 
Output uA78S40 | Universal Switching Regulator 
SN75174 =| Quad RS-485 Line Driver with Subsystem 4-336 
Three-State Output uA758A _ | Phase Lock-Loop FM Stereo 
SN75175_—‘| Quad RS-422A/3 Line | Demodulator 0-201 


Receiver with Three-State 
Output 

EM IF Amplifier, Limiter and 
Detector 

EM Stereo Demodulator 

Stereo Sound Control System 10-170 


TBA120C . 


TCA4500A 
TCA5550 
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Circuits manufacturers to the nearest equivalent Motorola 
device. The “Motorola Direct Re 
devices with identical 
the same or better 


| PART NO. 


6605J 
6605L 
8216 
8226 
9614DC 


9614DM 
9615DC 
| 9615DM 
9615FM 
9616CDC 


9616EDC 
9616DM 
9617DC 
9620DC 
9620DM 


9621DC 
9621DM 
9627CDC 
9627DM 
9636AT 


9637T 
9638T 
9640D 
9640DC 
9640NC 


9640PC 
9641DC 
9641PC 
9665DC 
9665PC 


9666DC 
9666PC 
9667DC 
9667PC 
9668DC 


9668PC 

595107ADM 
95107BDM 
55108ADM 
55108BDM 


55110DM 
95207DM 
95208DM 
75107ADC 
75107APC 


75107BDC 
73107BPC 
75108ADC 
75108APC 
75108BDC 


75108BPC 
75110DC 
75110PC 
75207DC 
73207PC 


Reference 


A complete interchangeability list linking over 3000 
devices are offered by most major Linear Integrated 


MC3443P 
MC3443P 
MC8T26AL 
MC8T28L 


MC75108L 
MC55108L 
MC55108L 
MC1488L 


MC1488L 
MC1488L 
MC1489AL 


1 MC75108L 
MC55108L 
MC1489AL 
MC1489AL 


MC3488AP 


MC3486P 
MC3487P 
MC3443P 


MC26S10L 
MC3440AP 


MC26S10P 
MC26S11L 
MC26S11P 
MC14141L 
MC1411P 


MC1412L 
MC1412P 
MC1413L 
MC1413P 
MC1416L 


MC1416P 
MC55107L 


MC55108L 


MC55107L 
MC55108L 


MC55107L 
MC55108L 


MC75107L 
MC75107P 


MC75107L 
MC75107P 
MC75108L 
MC75108P 
: MC75108L 
MC75108P 
MC75S110L 
MC75S110P 
MC75107L 
MC75107P 


placement” column lists 
pin connections and Package and 
electrical Characteristics anq 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 
REPLACEMENT REPLACEMENT 


MC75S110L 
MC75S110L 


MC75S110L 
MC75S110L 


MC75S110L 


temperature range. The “Motorola Similar Replacement” 
column provides a device which performs the same 
function but with possible differences jn package 
configurations, pin connections, temperature range or 
electrical specifications. 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 


REPLACEMENT REPLACEMENT 
MC75108L 


75208DC 


75208PC MC75108P 
AD DAC-08AD | DAC-08AQ 

AD DAC-08CD | DAC-08ca 

AD DAC-08D_ | DAC-08q 

AD DAC-08ED | DAC-08EQ 

AD DAC-08HD | DAC-08HO 

AD301AL LM301AH 
AD505J MC1776CG 
AD505K MC1776CG 
AD505S MC1776G 
AD509J LM301AH 
AD509K LM301AH 
AD509S LM101AH 
AD518J LM301AH 
AD518K LM301AH 
AD518S LM101AH 
AD530 MC1595L 
AD531 MC1595L 
AD532J MC1595G 
AD562AD AD562AD 

AD562KD AD562KD 

AD562SD AD562SD 

AD563JUD AD563JUD 

AD563KD AD563KD 

AD563SD AD563SD 

AD563TD AD563TD 

AD565JD MC3412L 

AD565KD MC3412L 
AD565SD MC3512L 

AD565TD MC3512L 
AD580J MC1403U 
AD580K MC1403P1 
AD580M | MC1403AP4 
AD580S MC1503U 
AD580T MC1503AU 
AD589J LM385Z-1.2 
AD589K LM385Z-1.2 
AD589L LM385Z-1.2 
AD589M LM385BZ-1.2 
AD741C¥J MC1741CG 
AD741J MC1741G 
AD741K MC1741G 
AD741L MC1741G 
AD741S MC1741SG 
AD1403AN MC1403AU 
AD1403N MC1403U 

AD1408-7D MC1408L7 

AD1408-8D MC1408L8 

AD1508-8D MC1508L8 

AD7520D MC3410L 
AD7520F MC3410L 
AD7520N MC3410L 
AM26LS31CJ | AM26LS31DC 

AM26LS31CN | AM26LS31PC 


| MOTOROLA LINEAR/INTERFACE DEVICES 


ROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT | REPLACEMENT PART NO. REPLACEMENT REPLACEMENT | 
AM26LS31D AM26LS31D AN5150 MC13002P 
AM26LS31P AM26LS31P AN5151 MC13001P 
AM26LS32ACJ AM26LS32ADC CA081AE TLO81ACP 
AM26LS32ACN AM26LS32APG CA081AS TLO81ACJG 
AM26LS32D AM26LS32D CA081BE TLO81BCP 
AM26LS32P AM26LS32P CA081CS TLO81CJG 
AM26S10DC MC26S10L CAO81E TLO81CP 
AM26S10PC MC26S10P CA081S TLO81MJG 
AM26S11DC MC26S11L CAO082AE TLO82ACP 
AM26S11PC MC26S11P CA082AS TLO82ACJG 
AM101 LM101AH CA082BE TLO82BCP 
AM101A LM101AH CA082CS TLO82CJG 
AM101AD LM101AH CA082E TLO82CP 
AM101AF LM101AH CA082S TLO82MJG 
AM101D LM101AH CA084AE TLO84ACN 
AM101F LM101AH CA084E TLO84CN 
AM107 LM107H CA084S TLO82MJ 


LM101AH 
LM101AH 


CA101AT 
1 CA101T 


LM107H 
LM107H 


AM107D 
AM107F 


AM111D LM111J CA107T LM107H 
AM111H LM111H CA108AS LM108AJ-8 
1 AM201 LM201AH CA108AT LM108AH 


LM108J-8 
LM108H 
LM139AdJ 


LM139J 
LM201AH 


CA108S 
CA108T 
CA139AG 


CA139G 
CA201AT 
CA201T 
CA207T 
CA208AT 


AM201A LM201AH 
AM201AD 


AM201 AF 


AM201D 
AM201F 
AM207 

AM207D 
AM207F 


LM201AN 
LM201AH 


LM201AN 
LM201AH 


LM207H LM201AH 


LM207H 
LM208AH 


LM207H 
LM207H 


AM211D LM211J CA208S LM208J-8 
AM211H LM211H CA208T LM208H 
AM301 LM301AH CA239AE LM239AN 


LM239AJ 
LM239N 


LM239J 


CA239AG 
CA239E 


CA239G 


AM301A 
AM301 AD 


AM301D 


LM301 AH 


LM301AJ 
LM301AJ 


AM311D LM311J-8 LM301AH 
AM311H LM311H LM307H 
AM592DC NE592F LM308N 
AM592DM SE592F LM308AH 
AM592HC NE592K LM308H 
AM592HM SE592K 

AM592PC NE592N 

AM723DC MC1723CL 

AM723DM MC1723L LM339J 
AM723HC MC1723CG MC1723CP 
AM723HM MC1723G MC1723CG 
AM723PC MC1723CP MC1723L 
AM725HM MC1556G MC1723G 
AM733DC MC1733CL MC1741CP1 
AM733DM MC1733L MC1741CG 
AM733HC MC1733CG MC1741U 
AM733HM MC1733G MC1741G 


MC1747CL 
MC1747CL 


MC1741CU 
MC1741U 


AM741DC 
AM741DM 


AM741HC MC1741CG MC1747CG 
AM741HM MC1741G MC1747L 
AM747DC MC1747CL MC1747L 
AM747DM MC1747L MC1747G 
AM747HC MC1747CG MC1748CP1 


MC1748CG 
MC1748U 
MC1748G 
uA758A 


AM747HM MC1747G 
AM748DC 
AM748DM 
AM748HC MC1748CG 


AM748HM MC1748G 


MC1748CU 
MC1748U 


TDA1190Z 


en eoaeineieneneecce cena 


MOTOROLA LINEAR/INTERFACE DEVICES 
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MOTOROLA 
DIRECT 
REPLACEMENT 


MC1310P 


MOTOROLA 
SIMILAR 
REPLACEMENT 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 
REPLACEMENT REPLACEMENT 


MC1550G 


PART NO. 
CA1310E 


CA3053S 


CA1352E MC1352P CA3054 CA3054 

CA1391E MC1391P CA3056 MC1741CG 

CA1394E MC1394P CA3056A MC1741G 

CA1458S MC1458CP1 CA3058 CA3059 
CA1458T MC1458G CA3059 CA3059 


CA3064 
CA3065 
CA3067 
CA3068 


CA3072 
CA3076 | 
CA3078AS 
CA3078AT 
CA3078S 


CA3078T 
CA3079 
CA3085 
CA3085A 
CA3085AF 


CA3085AS 
CA3085B 
CA3085BF 
CA3085BS 
CA3085F 


CA3085S 
CA3086 
CA3086F 
CA3090AQ 
CA3091D 


CA3121E 
CA3125E 
CA3134E 
CA3134EM 
CA3134QM 


CA3136A 
CA3137E 
CA3139 
CA3145E 
CA3146 


CA3151E 
CA3201E 
CA3210E 
CA3217E 
CA3221E 


CA3223E 
CA3302E 
CA3401E 
CA6078AS 
CA6078AT 


CA6741S 
CA6741T 
CA7607E 
CA7611E 
CMP-01CJ 


CMP-01CP 
CS3471 
D555CJ 
D3242 
D8216 


D8226 
DAC-01 


CA1558S 
CA1558T 
CA2111AE 
CA3000 


CA3001 
CA3002 
CA3004 
CA3005 
CA3006 


CA3007 
CA3008 
CA3008A 
CA3010 
CA3010A 


CA3011 
CA3012 
CA3013 
CA3014 
CA3015 


CA3015A 
CA3016 
CA3016A 
CA3020 
CA3020A 


-CA3021 
CA3022 
CA3023 
CA3026 
CA3028A 


CA3028AF 
CA3028AS 
CA3028B 

CA3028BF 
CA3028BS 


CA3029 
CA3029A 
CA3030 
CA3030A 
CA3031 


CA3032 
CA3035 
CA3035V1 
CA3037 
CA3037A 


CA3038 
CA3038A 
CA3040 
CA3041 
CA3042 


CA3043 
CA3044 
CA3044V1 
CA3045 
CA3045F 


CA3046 
CA3048 


MC13010P 


MC1327P 
MC1352P 


MC1327P 
MC1590G 
MC1776G 
MC1776G 
MC1776CG 


MC1776CG 


MC1723G 
MC1723G 
MC1723L 


MC1723G 
MC1723G 
MC1723L 
MC1723G 
MC1723L 


MC1723G 


MC3346P 
MC1310P 
MC1594L 


TDA3333 
MC1327P 
TDA1190Z 
TDA11902 
TDA1190Z 


MC3346P 
MC1327P 
MC13010P 
TDA3333 
MC3346P 


TDA3333 
TDA3301 
MC13001P 
TDA3301 
TDA3333 


MC13002P 


MC1558U 


MC1558G MC1358P 


MC1357P 


MC1550G 


MC1550G 
MC1550G 
MC1550G 
MC1550G 
MC1550G 


MC1550G 
MC1709U 
MC1709U 
MC1709G 
MC1709G 


MC1590G 
MC1590G 
MC1357P 
MC1357P 
MC1709G 


MC1709G 
MC1709U 
MC1709F 
MC1554G 
MC1454G 


MC1590G 


CA3079 


MC3386P 


MC1550G 


MC1550G 
MC1550G 
MC1550G 
MC1550G 
MC1550G 


MC1709P1 
MC1709P1 
MC1709P1 
MC1709P1 
MC1712G 


MC1712CG 
MC1352P 
MC1352P 
MC1709U 
MC1709U 


MC1709U 
MC1709U 
MC1510G 
MC1357P 
MC1357P 


MC1357P 


MC3302P 
MC3401P 


MC1776G 
MC1776G 


MC1776G 
MC1776G 
MC13010P 
MC13010P 
MC1556G 


MC1556P 
MC1555G 


MC8T26AL 


MC8T28L 
MC1506L 


MC3471P 
MC3242AP 


MC3346P 


CA3052 DAC-08AQ DAC-08AQ 
CA3053 DAC-08CN DAC-08CP 
CA3053F DAC-08CP DAC-08CP 


MOTOROLA LINEAR/INTERFACE DEVICES 
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eee er ae 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR 
REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 


MC3437L 
MC3437L 
MC3438L 
MC3438L 
MC3491L 


MC8T28L 
MC8T28P 
MC8T26AL 
MC8T26AP 
MC8T26AL 


DS7837J 
DS7837W 
DS7838J 
DS7838W 
DS7889J 


DS8833J 
DS8833N 
DS8834J 
DS8834N 
DS8835J 


DAC-08CQ 
DAC-08EN 
DAC-08EP 
DAC-08EQ 
DAC-08HN 


DAC-08HP 
DAC-08HQ 
DAC-08Q 
DAC-ICC10BC 
DACO800LCJ 


DAC-08EQ 


DACOS800LCN DAC-08EP DS8835N MC8T26AP 
DACO800LD DAC-08Q DS8837J MC3437L 
DACO801LCJ DAC-08CQ ‘DS8837N MC3437P 
DACO801LCN DAC-08CP DS8838J MC3438L 


MC3438P 


DS8838N 


DS8839J 
DS8839N 
DS8889J 
DS8889N 
DS55107J 


DS55107W 
DS55108J 
DS55108W 
DS55110J 
DS75107J 


DS75107N 


DAC-08HQ 


DAC-08HP 
DAC-08AQ 
MC1408L6 
MC1408P6 
MC1408L7 


MC1408P7 
MC1408L8 
MC1408P8 
MC1508L8 


| DACO802LCJ 


DACO802LCN 
DACO802LD 

DACO806LCJ 
DACO806LCN 
DACO807LCJ 


DAC0807LCN 
DACO808LCJ 
DACO808LCN 
| DACO808LD 
DM7822J 


DM7837J 


MC8T28L 
MC8T28P 
MC3491L 
MC3491L 


MC55107L 


MC75107L 


MC55108L 


1 MC55108L 
MC75S110L 


MC75107L 
MC75107P 


MC1489AL 
MC3437L 


DM7838J MC3438L DS75108J MC75108L 

DM7889J MC3491L DS75108N MC75108P 

DM7889N MC3491L DS75110J MC75S110L 

DM8822J MC1489AL DS75110N MC75S110P 

DM8822N MC1489AP DS75207J MC75107L 
DM8837N MC3437P DS75207N MC75107P 
DM8838N MC3438P DS75208J MC75108L 
DM8889J MC3491P DS75208N MC75108P 
DS26LS31J AM26LS31D HC5501 MC3419CL 
DS26LS31N AM26LS31P HC5502 MC3419L 
DS26LS32J AM26LS32D HI-562-2 AD562SD 
DS26LS32N AM26LS32P HI-562-5 AD562KD 
DS26S10CJ MC26S10L 1\CB8000C LM111J 
DS26S10CN MC26S10P 1CB8001C LM111J 
DS26S11CJ MC26S11L ICB8741C MC1741CG 
DS26S11CN MC26S11P ICH8500ATV MC1776CG 
DS1488J MC1488L ICH8500TV MC1776CG 
DS1488N MC1488P ICL101ALNDP LM101AH 
DS1489AJ MC1489AL ICL101ALNFB LM101AH 
DS1489AN MC1489AP ICLIO1ALNTY LM101AH 
DS1489J MC1489L ICL3801ALNPA LM301AH 
DS1489N MC1489P ICL301ALNTY LM301AH 
DS3486J MC3486L ICL741CLNPA MC1741CP1 
DS3486N MC3486P ICL741CLNTY MC1741CP1 
DS3487J MC3487L ICL8001CTZ LM111J 
DS3487N MC3487P ICL8001MTZ LM111J 
DS3612H MC1472U ICL8007CTA MC1709CG 
DS3612N MC1472P |\CL8007MTA MC1709CG 
DS3632H 1MC1472U ICL8008CPA LM301AN 
DS3632J MC1472U ICL8008CTY LM301AN 
DS3632N MC1472P1 ICL8013A MC1594G 
DS3650J MC3450L ICL8013B MC1594G 
DS3650N MC3450P ICL8013C MC1594G 
DS3651J MC3430L ICL8017CTW LM301AN 
DS3651N MC3430P ICL8017MTW LM301AN 
DS3652J MC3452L ICL8021C MC1776G 
DS3652N MC3452P ICL8021M MC1776G 
DS3653J MC3432L ICL8022C MC1776G 
DS3653N MC3432P ICL8022M MC1776G 


ACE DEVICES 


MOTOROLA LINEAR/INTERF 
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MOTOROLA | MOTOROLA MOTOROLA | MOTOROLA 
| DIRECT SIMILAR) | DIRECT SIMILAR 
PART NO. REPLACEMENT | REPLACEMENT | REPLACEMENT | REPLACEMENT 
ICL8043CDE MC1776G LF357H LF357H 
ICL8043CPE MC1776G LF357UG LF357J 
ICL8043MDE MC1776G LF357L LF357H 
ICL8048CDE MC1776G LF357N LF357N 
ICL8048DPE MC1776G LF357P LF357N 
ICL8069CCzR LM385BZ-1.2 LF411CH MC34001AG 
ICL8069DCZR LM385Z-1.2 LF411CN MC34001AP 
ITT652 MC1411P LF412CH MC34002AG 
ITT654 MC1412P LF412CN MC34002AP 
ITT656 MC1413P LH0002CH MC1538R 
ITT 1330 MC1330P LH0002H MC1538R 
ITT 1352 MC1352P LH0004CH MC1436G 
ITT3064 MC13010P LHO004H MC1536G 
ITT3065 MC1358P LH0042CH MC34001BG 
ITT3701 TDA1190Z LH740ACH LF355H 
ITT3710 MC1391P LH2101AD MC1537L 
ITT3714 MC1394P LH2101AF MC1537L 
L144AaP LM324N LH2201AD MC1537L 
L201 MC1411P LH2201AF MC1537L 
L202 MC1412P LH2301AD MC1437L 
L203 MC1413P LH2301AF MC1437L 
L583 MC3484v2 LM11CH LM11CH 
LF347BN LF347BN LM11CJ LM11CJ 
LF347N LF347N LM11CJ-8 LM11CJ-8 
LF351AH MC34001AG LM11CLH LM11CLH 
LF351AN MC34001AP LM11CLJ LM11CLJ 
LF351BH MC34001BG LM11CLJ-8 LM11CLJ-8 
LF351BN MC34001BP LM11CLN LM11CLN 
LF351H MC34001G LM11CLN-14 | LM11CLN-14 
LF351N LF351N LM11CN LM11CN 
LF352D LF355J LM11CN-14 LM11CN-14 
LF353AH MC34002AG LM11H LM11H 
LF353AN MC34002AP LM11J LM11J 
LF353BH MC34002BG LM11J-8 LM11J-8 
LF353BN MC34002BP LM101AD LM101AH 
LF353H MC34002G LM101AF | LM101AH 
LF353N LF353N LM101AH LM101AH 
LF355AH LM101AJ LM101Ag 
LF355AJNG LM101Au-14 LM101AJ 
LF355AL LM101AJNG LM101AJ 
LF355AP LM101AL LM101AH 
LF355BH LF355BH LM101D LM101Ag 
LF355Bu LF355BJ LM101F LM101AH 
LF355BN LF355BN LM101H LM101AH 
LF355H LF355H LM101J-14 LM101AJ 
LF355JG LF355J LM106H MC1710G 
LF355L LF355H LM107F | LM107H 
LF355N LF355N LM107H LM107H 
LF355P LF355N LM107L LM107H 
LF356AH LM108AD LM108AJ 
LF356AL LM108AF LM108AF 
LF356AJG LM108AH LM108AH 
LF356AP LM108AJ LM108u-8 
LF356BH LF356BH LM108D LM108J 
LF356BJ LF356Bu LM108F LM108F 
LF356BN LF356BN LM108H LM108H 
LF356H LF356H LM109H LM109H 
LF356UG LF356J LM109K LM109K 
LF356L LF356H LM109LA LM109H 
LF356N LF356N LM111D 
LF356P LF356N LM111H 
LF357AH LM111J LM111J5 
LF357BH LF357BH LM111JG LM111J-8 
LF357BJ LF357Bu LM112D MC1556L 
LF357BN LF357BN LM112F MC1556L 


MOTOROLA LINEAR/INTERFACE DEVICES 3 
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR | 
PART NO. REPLACEMENT REPLACEMENT REPLACEMENT | REPLACEMENT 
LM112H MC1556G LM201AJ LM201AJ 


LM117H 
LM117K 
LM117H 


LM117H 
LM117K 
LM117LA 
LM118D 


LM118F 
LM118H 
| LM120H-5.0 
LM120H-5.2 
LM120H-12 


LM120H-15 
LM120K-5.0 
LM120K-5.2 
LM120K-12 
LM120K-15 


LM122F 
LM122H 
LM123K 
LM124AD 
LM124AF 


LM201AJG LM201AJ 
LM201AJ-14 
LM201AL 


LM201AN 


LM201AP 
LM201D 
LM201F 
LM201H 
LM201J 


LM201J-14 
LM206H 
LM207F 
LM207H 
LM208AD 


LM208AF 
LM208AH 
LM208AJ 
LM208D 
LM208F 


LM201AJ 


LM201AH 


MC1741SU 


MC1741SU 
MC1741SG 
MC7905CK 
MC7905.2CK 
MC7912CK 


MC7915CK 
MC7905CK 
MC7905.2CK 
MC7912CK 
MC7915CK 


MC1555G 
MC1555G 


LM201AN 


LM201AN 


LM201AJ 
LM201AH 


LM201AH 
LM201AJ 


LM201AJ 
MC1710CG 
LM207H 


LM207H 
LM208AJ 


LM208AF 
LM208AH 
LM208AJ-8 


LM123K 


LM124J 
LM124J 


LM208J-8 


LM124AJ LM124J LM208H LM208H 
LM124D LM124J LM209H LM209H 
LM124F LM124J LM209K LM209K 
| LM124J LM124J LM209LA LM209H 
} LM125H MC1568G LM211D LM211J 
LM126H MC1568G LM211H LM211H 


LM128H MC1568G LM211JG 


LM211J-8 


LM137K LM137K LM212D MC1556L 
LM139AD LM139AJ LM212F MC1556L 
LM139AJ LM139Ad LM212H MC1456G 
LM139D LM139J LM217H LM217H 

LM139J LM139J LM217K LM217K 

LM140AK-5.0 LM140AK-5.0 LM217KC LM217K 
LM140AK-12 LM140AK-12 LM217KD LM217H 
LM140AK-15 LM140AK-15 LM217LA LM217H 

LM140K-5.0 LM140K-5.0 LM218D MC1741SU 
LM140K-12 LM140K-12 LM218F MC1741SU 
LM140K-15 LM140K-15 LM218H MC1741SG 


MC78L05ACG 
MC78LO6ACG 


MC78L08ACG 
MC78L12ACG 
MC78L15ACG 
MC78L18ACG 
MC78L24ACG 


LM140LAH-5.0 
LM140LAH-6.0 


LM140LAH-8.0 
| LM140LAH-1 2 

LM140LAH-15 
LM140LAH-18 
LM140LAH-24 


LM143D 
LM143F 
LM143H 
LM145K 

LM148D 


LM148J 
LM148F 
LM149D 
LM149F 
LM150K 


LM158AH 


MC7905CK 
MC7905.2CK 


MC7906CK 
MC7908CK 
MC7912CK 
MC7915CK 
MC7918CK 


MC7924CK 
MC7905CK 
MC7905.2CK 
MC7906CK 
MC7908CK 


MC7912CK 
MC7915CK 
MC7918CK 
MC7924CK 

MC1555G 


LM220H-5.0 
LM220H-5.2 


LM220H-6.0 
LM220H-8.0 
LM220H-12 
LM220H-15 
LM220H-18 


LM220H-24 
LM220K-5.0 
LM220K-5.2 
LM220K-6.0 
LM220K-8.0 


LM220K-12 
LM220K-15 
LM220K-18 
LM220K-24 
LM222H 


LM223K 


MC7905CK 


LM148J 
LM148J 


MC4741L 
MC4741L 
MC4741L 


LM150K 


LM158H 


LM223K 


LM158H LM158H LM224AD LM224J 
LM158JG LM158J LM224AF LM224J 
LM158L LM158H LM224AJ LM224J 


LM171H 


LM193AH 
LM193H 

LM201AD 
LM201AF 
LM201AH 


MC1590G LM224J 


LM224D 


LM224F 
| LM224J 
LM225H 
LM226H 
LM228H 


LM193AH 
LM193H 


LM224L 


LM224J 


LM201Ad 
LM201AH 


MC1568G 
MC1568G 
MC1568G 


LM201AH 


VICES 


MOTOROLA LINEAR/INTERFACE DE 


1-13 


MOTOROLA MOTOROLA 
_ DIRECT SIMILAR 
REPLACEMENT REPLACEMENT 


LM311J 


MOTOROLA MOTOROLA 
DIRECT SIMILAR _ 
REPLACEMENT | REPLACEMENT 


LM237K 


PART NO. 
| LM237K 


PART NO. 
LM311N-14 


LM239AD LM239AJ LM311P LM311N 

LM239AJ LM239AJ LM312D MC1456L 
LM239D LM239J LM312F MC1456L 
LM239J LM239J LM312H MC1456G 
LM239N LM239N LM317H LM317H 


LM240LAH-5.0 
| LM240LAH-6.0 
LM240LAH-8.0 
LM240LAH-12 


LM240LAH-15 
LM240LAH-18 
LM240LAH-24 


MC78LO5ACG 
MC78LO6CG 

MC78LO8ACG 
MC78L12ACG 


MC78L15ACG 
MC78L18ACG 
MC78L24ACG 


LM317K 

LM317KC 
LM317KD 
LM317LA 


LM317MP 
LM317P 
LM317T 


LM317K 
LM317T 


LM317H 


LM317MT 
LM317T 
LM317T 


LM240LAZ-5.0 MC78LO5ACP LM318D MC1741SCU 
LM240LAZ-6.0 MC78LO6ACP LM318F MC1741SCYU 
LM240LAZ-8.0 MC78LO8ACP LM318H MC1741SCG 
LM240LAZ-12 MC78L12ACP LM318N MC1741SCP4 
LM240LAZ-15 MC78L15ACP LM320H-5.0 MC7905CK 
LM240LAZ-18 MC78L18ACP LM320H-12 MC7912CK 
LM240LAZ-24 MC78L24ACP LM320H-15 MC7915CK 


LM243H MC1536G LM320K-5.0 MC7905CK 

LM245K MC7905CK LM320K-12 MC7912CK 

LM248D LM248J LM320K-15 MC7915CK 

LM248J LM248J LM320LZ-5.0 MC79LO5ACP 

LM249D MC4741L LM320LZ-12 MC79L12ACP 

LM249J MC4741L LM320L 2-15 MC79L15ACP 

LM250K LM250K LM320MP-5.0 MC7905CT 
LM258AH LM258H LM320MP-5.2 MC7905.2CT 
LM258H LM258H LM320MP-6.0 MC7906CT 
LM271H MC1590G LM320MP-8.0 MC7908CT 
LM285Z-1.2 LM285Z-1.2 LM320MP-12 MC7912CT 
LM285Z-2.5 LM285Z-2.5 LM320MP-15 MC7915CT 
LM293AH LM293AH LM320MP-18 MC7918CT 
LM293H LM293H LM320MP-24 MC7924CT 
LM301AD LM301AJ LM320T-5.0 MC7905CT 

LM301AF LM301AH LM320T-12 MC7912CT 

LM301AH LM301AH LM320T-15 MC7915CT 

LM301AJ LM301AJ LM322H MC1455G 
LM301AJUG LM301AJ LM322N MC1455P1 
LM301AL LM301AH LM323K LM323K 

LM301AN LM301AN LM324AJ LM324J 
LM301AP LM301AN LM324AN LM324N 
LM306H MC1710CG LM324J LM324J 

LM307F LM307H LM324N LM324N MC3403P 
LM307H LM307H LM325AN : MC1468L © 
LM307L LM307H MC1468L 
LM307N LM307N MC1468L 
LM307P LM307N MC1468L 
LM308AD LM308AJ MC1468L 
LM308AF LM308AJ LM326H MC1468G 
LM308AH LM308AH LM326N MC1468L 
LM308AH-1 LM308AH MC1468L 
LM308AH-2 LM308AH MC1468L 
LM308AJ LM308AJ-8 MC1468G 
LM308D LM308J LM328N MC1468L 
LM308H LM308H LM337K LM337K 
LM308N LM308N LM337MP LM337MT 
LM309H LM309H LM337T LM337T 

LM309K LM309K LM339AD LM339AJ 

LM309KC LM309K LM339AJ LM339AJ 

LM309LA LM309H LM339AN 

LM311D LM311J LM339J 

LM311H LM311H LM339N 

LM311JUG LM311J-8 LM339N 


LM311N LM311N LM340AK-5.0 LM340AK-5.0 


. MOTOROLA LINEAR/INTERFACE DEVICES 
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA 


DIRECT SIMILAR DIRECT SIMILAR 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 
LM340AK-12 LM340AK-12 LM385Z-1.2 LM385Z-1.2 

LM340AK-15 LM340AK-15 LM385BZ-2.5 LM385BZ-2.9 

LM340AT-5.0 LM340AT-5.0 LM385Z-2.5 LM385Z-2.5 

LM340AT-12 LM340AT-12 LM393AH LM393AH 

LM340AT-15 LM340AT-15 LM393AN LM393AN 

LM340K-5.0 LM340K-5.0 LM393H LM393H 

LM340K-12 LM340K-12 LM393N LM393N 

LM340K-15 LM340K-15 LM555CH MC1455G 

LM340KC-5 LM340T-5.0 LM555CN MC1455P1 

LM340KC-6 LM340T-6.0 LM555H MC1555G 

LM340KC-8 LM340T-8.0 LM556CD MC3456L 

LM340KC-12 LM340T-12 LM556CJ MC3456L 

LM340KC-15 LM340T-15 LM556CN MC3456P 

LM340KC-18 LM340T-18 LM556D MC3556L 

LM340KC-24 LM340T-24 LM556J MC3556L 


LM340LAH-5.0 MC78L05ACG LM565CH NE565N 
LM340LAH-6.0 MC78L06ACG LM565CN NE565N 

LM340LAH-8.0 MC78L08ACG LM565H NE565N 
LM340LAH-12 MC78L12ACG LM703LN MC1350P 


MC1709AG 


MC1709CG 
MC1709CP1 
MC1709G 
MC1710CG 
MC1710CP 


LM709AH 


LM709CH 
LM709CN-8 
LM709H 
LM710CH 
LM710CN 


MC78L15ACG 


MC78L18ACG 
MC78L24ACG 
MC78L05ACP 
MC78LO06ACP 
MC78LO8ACP 


LM340LAH-15 


LM340LAH-18 
LM340LAH-24 
LM340LAZ-5.0 
LM340LAZ-6.0 
LM340LAZ-8.0 


LM340LAZ-12 MC78L12ACP LM710H MC1710G 
LM340LAZ-15 MC78L15ACP LM711CH MC1711CG 
LM340LAZ-18 MC78L18ACP LM711CN MC1711CP 
LM340LAZ-24 MC78L24ACP LM711H MC1711G 
LM340T-5.0 LM340T-5.0 LM723CD LM723CJ 
LM340T-12 LM340T-12 LM723CH MC1723CG 
LM340T-15 LM340T-15 LM723CJ MC1723CL 
LM341P-5.0 » MC78MO5CT LM723CN MC1723CP 
LM341P-6.0 MC78MO6CT LM723D LM723J 
LM341P-8.0 MC78MO8CT LM723H MC1723G 
LM341P-12 MC78M12CT LM723J MC1723L 
LM341P-15 MC78M15CT LM733CD MC1733CL 
LM341P-18 MC78M18CT LM733CH MC1733CG 
LM341P-24 MC78M24CT LM733CJ MC1733CL 
LM342P-5.0 MC78MOSCT LM733CN MC1733CP 
LM342P-6.0 MC78MO06CT LM733D MC1733l- 
LM342P-8.0 MC78M08CT LM733H MC1733G 
LM342P-12 MC78M12CT LM733J MC1733L 
LM342P-15 MC78M15CT LM741AH MC1741G 
LM342P-18 MC78M18CT LM741CD LM741CJ 
LM342P-24 MC78M24CT LM741CH LM741CH 
LM343D MC1436G LM741CJ-14 LM741CJ 
LM343H MC1436G LM741CN LM7410N 
LM345K MC7905CK LM741EH MC1741CG 
LM348D LM348J LM741EJ MC1741CU 
LM348J LM348J LM741EN MC1741CP1 
LM348N LM348N LM741H LM741H 
LM349D MC4741CL LM747CD LM747CJ 
LM349J MC4741CL LM747CH LM747CH 
LM349N MC4741CL LM747CJ LM747CJ 
LM350K LM350K LM747CN LM747CN 
LM358AH LM358H LM747D LM747J 
LM358AN LM358N LM747H LM747H 
LM358H LM358H LM747J LM747J 
LM358JG LM358J LM748CH MC1748CG 
LM358H LM748CJ MC1748CU 
LM358N LM748CN MC1748CP1 
LM358N LM748H MC1748G 
LM371H LM748J MC1748U 


LM385BZ-1.2 LM385BZ-1.2 LM1035 


MOTOROLA LINEAR/INTERFACE DEVICES 
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
: DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 


LM1310N |MC1310P | LM3900N LM3900N 
LM1351N MC1357P LM3905N MC1455P1 
LM1391N MC1391P LM4250CH MC1776CG 
LM1394N MC1394P LM4250CN MC1776CP4 
LM1414J MC1414L LM4250H MC1776G 
LM1414N MC1414pP LM4500A TCA4500A 
LM1458H |MC1458G LM7805CK MC7805CK 
LM1458J 1MC1458uU - LM7805CT MC7805CT 
LM1458N MC1458P1 LM7805KC MC7805CK 
LM1458N-14 MC1458P1 LM7806KC MC7806CK 
LM1488J MC1488L LM7808KC MC7808CK 
LM1488N MC1488P LM7812CK MC7812CK 
LM1489AJ MC1489AL LM7812CT MC7812CT 
LM1489AN MC1489AP LM7812KC MC7812CK 
LM1489J MC1489L. LM7815CK MC7815CK 
LM1489N MC1489P LM7815CT MC7815CT 
LM1496H MC1496G LM7815KC MC7815CK 
LM1496J MC1496L LM7818KC MC7818CK 
LM1496N MC1496P LM7824KC MC7824CK 
LM1514J MC1514L LM7905CK MC7905CK 
LM1558H MC1558G LM7905CT MC7905CT 
LM1558J MC1558U LM7912CK MC7912CK 
LM1596H MC1596G LM7912CT MC7912CT 
LM1596J MC1596L LM7915CK MC7915CK 
LM1800AN MC1310P LM7915CT MC7915CT 
LM1800N LM78LO5ACH MC78LO5ACG 
LM1808N LM78LO5ACZ MC78LO5ACP 
LM1822 LM78LO5CH MC78L05CG 
LM1828N LM78L05CZ MC78LO5CP 
LM1841N LM78LO8ACH MC78LO8ACG 
LM1848N LM78LO08ACZ MC78LO8ACP 
LM1849A LM78LO8CH MC78LO08CG 
LM1889 LM78LO8CZ MC78LO8CP 
LM1900D LM78L12ACH MC78L12ACG 
LM1981 MC13020P LM78L12ACZ MC78L12ACP 
LM1989 MC1372P LM78L12CH MC78L12CG 
LM2111N MC1357P LM78L12CZ MC78L12CP 
LM2113N MC1357P LM78L15ACH MC78L15ACG 
| LM2808N TDA1190Z LM78L15ACZ MC78L15ACP 
LM2900N LM2900N LM78L15CH MC78L15CG 
LM2901N LM2901N LM78L15CZ MC78L15CP 
LM2902J LM2902J LM78L18ACH MC78L18ACG 
LM2902N LM2902N LM78L18ACZ MC78L18ACP 
LM2903N LM2903N LM78L18CH MC78L18CG 
LM2903P LM2903N LM78L18CZ MC78L18CP 
LM2904N LM2904N LM78L24ACH MC78L24ACG 
LM2905N MC1455P1 LM78L24ACZ MC78L24ACP 
LM3011H LM78L24CH MC78L24CG 
LM3026 LM78L24CZ MC78L24CP 
LM3045 LM78M05CP MC78M05CT 
LM3046N MC3346pP LM78M12CP MC78M12CT 
LM3054 CA3054 | LM78M15CP MC78M15CT 
LM3064N MC13010P LM79LO5ACZ MC79LO5ACP 
LM3065N MC1358P LM79L12ACZ MC79L12ACP 
LM3067N MC1327pP LM79L15ACZ | MC79L15ACP 
| LM3086N MC3386P LM79MO5CP ~ |MC79MO05CT 
LM3089 MC3356P LM79M12CP | MC79M12CT 
LM3146 MC3346P LM79M15CP MC79M15CT 
LM3146A MC3346P LM55107AJ MC55107L 
LM3189 MC3356P LM55108AJ MC55108L 
LM3301N MC3301P LM55109J MC75S110L 
LM3302 MC3302P LM55110J MC75S110L 
LM3302J MC3302L LM55107AJ. MC55107L 
LM3302N MC3302P LM75107AJ MC75107L 
LM3401N MC3401P LM75107AN 


MC75107P 


MOTOROLA LINEAR/INTERFACE DEVICES 
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LM75108AJ 
LM75108AN 
LM75110J 
LM75110N 
LM75207L 


LM75207N 
LM75208J 
LM75208N 
| MB3759 
MB3760 


MC1310A 
MC1408B 
MC1408FB 
MC1458JG 
MC 1458L 


MC1458P 
MC1488J 
MC1488N 
MC1488N3 
| MC1489AJ 


MC1489AN 
MC1489J 
MC1489N 
MC1489N3 
MC1545J 


MC1558JG 
MC1558L 
MC3446J 
MC3446N 
MC3460P 


MC3470N 
| MC3481J 
MC3481N 
MC3485J 
MC3485N 


MC3486J 
MC3486N 
MC3487J 
MC3487N 
MP562AD 


MP562KD 
MP562SD 
MP5531AJ 
MP5531BJ 
MP5531CP 


MP5531DP 
MP5531EJ 
MP5531HJ 
MP5532AJ 
MP5532BJ 


MP5532CP 
MP5532DP 
MP5532EJ 
MP5532HJ 
4 N8T13J 


N8T13N 
N8T 14J 
N8T14N 
N8T15A 
N8T15F 


N8T16A 

N8T26AB 
N8T26AE 
N8T26AJ 
| N8T26AN 


peace nn 


MOTOROLA 
SIMILAR 
T | REPLACEMENT 


MOTOROLA 
DIRECT 
REPLACEMEN 


MC75108L 
MC75108P 

MC75S110L 
MC75S110P 


MC75107L 


MC75107P 
MC75108L 
MC75108P 


TL494CN 
TL495CN 


MC1310P 
| MC1408P8 
MC1408L8 
MC1458U 
MC1458G 


MC1458P1 
MC1488L 
MC1488P 
MC1488PDS 
MC1489AL 


MC1489AP 
MC1489L 
MC1489P 
MC1489PDS 
MC1545L 


MC1558U 
MC1558G 


MC3446AP 


MC3446AP 
DS3674N 


MC3470P 
MC3481L 
MC3481P 
MC3485L 
MC3485P 


MC3486L 
MC3486P 
MC3487L 
MC3487P 
AD562AD 


AD562KD 
AD562SD 
MC1500AG5 
MC1500G5 
MC1404U5 


MC1404U5 
MC1400AG5 
MC1400G5 
MC1500AG10 
MC1500G10 


MC1404U10 
MC1404U10 
MC1400AG10 
MC1400G10 
MC8T13L 


MC8T13P 
MC8T14L 
MC8T14P 


MC3470AP 


MC1488L 
MC1488L 


MC1489L 


MC8T26AP 
MC8T26AL 
MC8T26AL 
MC8T26AP 


PART NO. 


N8T26B 
N8T 26J 
N8T26N 
N8T28B 
N8T37A 


N8T38A 
N8T95B 
N8T95F 
N8T96B 
N8T96F 


N8T97B 
N8T97F 
N8T98B 
N8T98F 
N5065A 


N5072A 
N5556T 
N5556V 
N5558F 
N5558T 


N5558V 
N5595A 
N5595F 
N5596A 
N5596K 


N5709A 
N5709G 
N5709T 
N5709V 
N5710A 


NE550A 


NE550L 
NE555JG 
NE555L 
NE555P 
NE555T 


NE555V 
NE556A 
NE556| 

NE565A 
NE565K 


MOTOROLA 
DIRECT 


MC8T26AP 
MC8T26AL 
MC8T26AP 
MC8T28P 
MC3437P 


‘MC3438P 


MC8T95P 
MC8T95L 
MC8T96P 
MC8T96L 


MC8T97P 
MC8T97L 
MC8T98P 
MC8T98L 
MC1358P 


MC1456G 
MC1456P1 
MC1458L 
MC1458G 


MC1458P1 
MC1495L 
MC1495L 
MC1496L 
MC1496G 


MC1709CP2 
MC1709CF 
MC1709CG 
MC1709CP1 
MC1710CP 


MC1710CG 
MC1711CP 
MC1711CG 


MC1723CG 


MC1733CG 
MC1741CP2 
MC1741CG 
MC1741CP1 
MC1747CL 


MC1747CL 
MC1748CG 


MC1455U 
MC1455G 
MC1455P1 
MC1455G 


MC1455P1 
MC3456P 
MC3456L 
NE565N 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-17 


REPLACEMENT 


MOTOROLA 
SIMILAR 


MC1327P 


MC1723CP 


MC1747CG 


MC1733CL 
MC1733CG 


MC1439G 
MC1439G 
MC1439P 
MC1776CG 


|MC1776CG 


MC1776CG 
MC1456G 
MC1456G 
MC1554G 
MC1723CP 


MC1723CG 


NES65N 


REPLACEMENT 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR 
REPLACEMENT | REPLACEMENT REPLACEMENT | REPLACEMENT 


NE592A NE592A RC733T MC1733CG 

NE592K NE592K RC741DN MC1741CP1 

NE5118F MCé890L RC741T MC1741CG 

NE5118N MCé6890L RC747D MC1747CL 

NE5410F MC3410L RC747T | MC1747CG_. 

NE5561FE | MC34060L RC748T MC1748CG 

| 'NES561N_ RC1414DC MC1414L 

OP-01C RC1414DP MC1414P 

OP-01G RC1488DC MC1488L 

OP-01H MC1536 RC1489ADC MC1489AL 

OP-01J MC1536G RC1489DC MC1489L 

OP-O1L MC1536G RC1437D MC1437L 

OP-01P MC1436P RC1437DP MC1437P 

OP-08 MC1776 RC1458DN MC1458P4 

OP-08A MC1776 RC1458T MC1458G 

OP-08B MC1776 RC1556T MC1456CG 

OP-08C MC1776 RC1558T MC1558G 

OP-08E MC1776 RC3302DB MC3302P 

OP-27AJ OP-27AJ RC4131DP MC1471SCP1 
| OP-27AZ OP-27AZ RC4131T MC1741SG 
OP-27BJ OP-27BJ RC4136D MC3403L 
OP-27Bz OP-27Bz RC4136DP MC3403P 
OP-27CJ OP-27CJ RC4136J MC3403L 
OP-27Cz OP-27Cz RC4136N MC3403P 
OP-27EJ OP-27EJ RC4194DC MC1468L 
OP-27EP OP-27EP RC4194TK MC1468R 
OP-27Ez OP-27Ez RC4195NB MC1468L 
OP-27FJ OP-27FJ RC4195T MC1468G 
OP-27FP OP-27FP RC4195TK MC1468R 
OP-27FZ OP-27Fz RC4444R MC3416L | 

OP-27GJ OP-27Gy RC4558DN MC4558CP1 

OP-27GP OP-27GP RC4558JUG MC4558CU 

OP-27GZ OP-27GZ RC4558L MC4558CG 

OP-37AJ OP-37AJ RC4558P MC4558CP1 

OP-37AZ OP-37AZ RC4558T MC4558CG 

OP-37BJ OP-37By RC75107AD MC75107L 

OP-37BZ OP-37Bz RC75107ADP_ ~—- | MC75107P 

OP-37CJ OP-37CJ RC75108AD MC75108L 

OP-37CZ OP-37CZ RC75108ADP_ —_ | MC75108P 

OP-37EJ OP-37EJ RC75109D MC75S110L 
OP-37EP OP-37EP RC75109DP MC75S110P 
OP-37EZ OP-37EZ RC75110D MC758110L 

OP-37FJ OP-37FJ RC75110DP MC75S110P 

OP-37FP OP-37FP REF-01AJ MC1500AG10 

OP-37FZ OP-37FZ REF-01AZ MC1500AG10 
OP-37GJ OP-37GJ REF-01Cy MC1404U10 
OP-37GP OP-37GP REF-01CP MC1404U10 

OP-37GZ OP-37GZ REF-01Cz MC1404U10 : 
PWM125AK SG1525AJ REF-01DJ MC1404U10 
PWM125BK SG2525AJ REF-01DP MC1404U10 

PWM125CK SG3525AJ REF-01DZ MC1404U10 

RC702T MC1712CG REF-O1EJ MC1400AG10 | 
RC709DN MC1709CP1 REF-01EZ MC1400AG10 
RC709T MC1709CG REF-O1HJ MC1400G10 

RC710DC MC1710CL REF-01HP MC1400G10 
RC710DP MC1710CP REF-01HZ MC1400G10 
RC710T 1 MC1710CG REF-01J MC1500G10 

RC711DC MC1711CL REF-01Z MC1500G10 
RC711DP -MC1711CP REF-02AJ MC1500AG5 

RC711T MC1711CG REF-02AZ MC1500AG5 
RC723D MC1723CL REF-02Cy MC1404U5 
RC723DB MC1723Cp REF-02CP MC1404U5 

RC723DC MC1723CL REF-02Cz MC1404U5 

RC723T MC1723CG REF-02DJ MC1404U5 
RC733D MC1733CL REF-02DP MC1404U5 


MOTOROLA LINEAR/INTERFACE DEVICES 
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pT CC OROLA. | 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR | DIRECT SIMILAR 1 
PART NO. REPLACEMENT | REPLACEMENT PART NO. REPLACEMENT | REPLACEMENT comes sae 
REF-02DZ MC1404U5 SE592K SE592G 

REF-02EJ MC1400AG5 : SE5118F MC6890AL MC6890AL 
REF-02EZ MC1400AG5 SE5410F MC3510L 

REF-02HJ MC1400G5 SE5561FE MC35060L 
REF-02HP MC1400G5 SG100T MC1723G 
REF-02HZ MC1400G5 SG101AD LM101AH 
REF-02J MC1500G5 SG101AT LM101AH , 
REF-02Z MC1500G5 SG101J LM101AH 
RM702T MC1712G SG101T LM101AH | | 
RM709T MC1709G SG104T LM104H 

RM710D MC1710L SG105N LM105H 
RM710T MC1710G SG105T LM105H 

RM711DC MC1711L SG107J LM107H 
RM711T MC1711G SG107T LM107H 

RM723D MC1723L SG108AJ LM108Ad — 

RM723DC MC1723L SG108AT LM108AH 

RM723T MC1723G SG108J LM108J 

RM733D MC1733L SG108T LM108H 

RM733T MC1733G SG109K LM109K 

RM741DP MC1741P SG109R MC109K 
RM741T | MC1741G SG109T LM109H 

RM747D MC1747L SG111D LM111J 

RM747T MC1747G SG111T LM111H 

RM748T MC1748G SG117K LM117K 

RM1514DC MC1514L SG117R LM117K 
RM1537D MC1537L SG117T LM117H 

RM4136D MC3503L SG118T MC1741SG 
RM4136J MC3503L SG123K LM123K 

RM4194DC MC1568L SG124J LM124J 

RM4194TK MC1568R SG137K LM137K 

RM4195T MC1568G SG137R LM137K 
RM4195TK MC1568R SG137T LM137H 

RM4558D MC4558U SG140K-05 LM140K-5.0 

RM4558JG MC4558U SG140K-06 LM140K-6.0 

RM4558L MC4558G SG140K-08 LM140K-8.0 

RM4558T MC4558G SG140K-12 LM140K-12 

RM55107AD MC55107L SG140K-15 LM140K-15 

RV3301DB MC3301P SG140K-18 LM140K-18 

S5556T MC1556G SG140K-24 LM140K-24 

S5558E MC1558L SG150K LM150K 

S5558T MC1558G SG200T MC1723G 
S5596F MC1596L SG201AD LM201AH 
S5596K MC1596G SG201AM LM201AN 

S5709G MC1709F SG201AN LM201AN 
S5709T MC1709G SG201AT LM201AH - 

S5710T | MC1710G SG201J LM201AH 
S5711K MC1711G SG201M LM201AN 

S5723T MC1723G SG201N LM201AN 
S5733K MC1733G SG201T LM201AH 

S5741T MC1741G SG207J LM207H 
SE501K SG207M LM207H 
SE531G SG207N LM207H 
SE531T SG207T LM207H 

SE533G SG208AJ LM208AJ 

SE533T SG208AM LM208AJ-8 

SE537G SG208AT LM208AH 

SE537T SG208J LM208J 

SE550L SG208M LM208J-8 

SE555JNG MC1555U SG208T LM208H 

SE555L MC1555G SG209K LM209K 

SE555T MC1555G SG209R 

SE556A MC3556L SG209T LM209H 

SE565A MLM565CP SG211D LM211J 

SE565K , MLM565CP SG211M LM211N 

SE592A SE592L SG211T LM211H 


ne aaa 


MOTOROLA LINEAR/INTERFACE DEVICES 
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MOTOROLA 


MOTOROLA MOTOROLA 


MOTOROLA 
| | DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT | REPLACEMENT REPLACEMENT | RE 


PLACEMENT 
SG710CD } 
SG710CN 
SG710CT 
SG710D 
SG710N 


SG710T 
SG711CD 
SG711CN 
SG711CT 
SG711D 


SG711N 
SG711T 
SG723CD 
‘SG723CU 
SG723CN 


SG723CT 
SG723D 


MC1710CL 
MC1710CP 
MC1710CG 
MC1710L 

| MC1710CP 


MC1710G 
MC1711CL 
MC1711CP 
MC1711CG 
| MC1741L 


MC1711CP 
MC1711G 

MC1723CL 
MC1723CL 
MC1723CP 


MC1723CG 
MC1723L 


LM217K 


MC1741SL 
MC1741SL 


~IMC1741SG 


LM237K 


MC1723CP 
MC1723CG 


LM301AH 


LM301AN SG723J MC1723L 
SG723T MC1723G 
LM307N SG733CD MC1733CL 
SG733CN MC1733CP 
LM307N SG733CT MC1733CG 
SG733D MC1733L | 
SG733N MC1733L 
SG733T MC1733G 
SG741CM MC1741CP1 
SG741CT MC1741CG 
SG741SCM MC1741SCP1 
SG741SCT MC1741SCG 
SG741ST MC1741SG 
SG741T MC1741G 
SG747CJU MC1747CL 
SG747CN MC1747CP2 
SG747CT MC1747CG 
SG311M SG747J MC1747L 
SG311T LM311H SG747T MC1747G 
LM317K SG748CD MC1748CP1 
LM317T SG748CM MC1748CP1 
LM317T SG748CN MC1748CP1 
LM317H SG748CT MC1748CG 
MC1741SCL SG748D MC1748G 
MC1741CP1 SG748T MC1748G 
MC1741CG SG777CJ LM308AJ 
LM324J SG777CM LM308AN 
SG324N LM324N SG777CN LM308AN 
SG337K LM337K SG777CT LM308AH 
SG337P LM337T LM108AJ 


SG337R 


LM108AH 


SG337T LM337H SG1118AJ LM108AJ 
SG340K-05 LM340K-5.0 SG1118AT LM108AH 
SG340K-06 LM340K-6.0 SG1118J LM108J 
SG340K-08 LM340K-8.0 SG1118T LM108H 
SG340K-12 LM340K-12 SG1217 MC1741G 
SG340K-15 LM340K-15 SG1217T MC1741SG 
SG340K-18 LM340K-18 SG1250T MC1776G 
SG340K-24 | LM340K-24 SG1402N MC1594L 

LM350K SG1402T MC1594L 

SG1436CT MC1436CG 

MC1455P1 SG1436M MC1436U 

MC1455G SG1436T |MC1436G | 

MC1555G SG1456CT MC1456CG 

MC3456L SG1456T MC1456G 

MC3456P SG1458M MC1458P1 
SG556J MC3556L SG1458T MC1458G 

MC3556L SG1468J MC1468L 


SG556N 


MOTOROLA LINEAR/INTERFACE DEVICES 
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MOTOROLA MOTOROLA MOTOROLA 


MOTOROLA 


DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT | REPLACEMENT PART NO. REPLACEMENT | REPLACEMENT 
SG1468N SG2503T MC1403AU 
SG1468R MC1468R SG2503Y MC1403AU 
SG1468T MC1468G SG2524J TL4941J 
SG1495D MC1495L SG2525AJ SG2525AJ 

SG1495N MC1495L SG2526J SG2526J 

SG1496D MC1496L SG2527AJ SG2527AJ 

SG1496N SG2542J MC3324L 
SG1496T MC1496G SG2542N MC3324P 
SG1501AD SG2543J MC3324L 
SG1501AJ SG2544J MC3324AL 
SG1501AT SG3118Ad LM308Ad 
SG1501J MC1568L SG3118AM LM308AN 
SG1501T MC1568G SG3118AT | LM308AH 
SG1502D SG3118d LM308J 
SG1502J SG3118M LM308N 
SG1502N SG3118T LM308H 
SG1503 MC1503U SG3250T MC1776G 
SG1503T SG3402N MC1494L 
SG1503Y SG3402T MC1494L 
SG1511d SG3423M MC3423P1 
1 SG1511T SG3423Y MC3423U 
SG1524J $G3501AD MC1468L 

SG1525AJ SG1525Ad SG3501Ad MC1468L Pi 
SG1526J SG1526J SG3501AN MC1468L 
SG1527Ad SG1527Ad SG3501AT MC1468G 

SG1536T MC1536G SG3501J MC1468L 

SG1542J MC3524L $G3501D MC1468L 

SG1543J MC3524L SG3501N MC1468L 

1 SG1544J | MC3424AL SG3501T MC1468G 

SG1556T MC1556G | SG3502D MC1468L 
SG1558T MC1558G SG3502G MC1468G 
SG1568J MC1568L SG3502J MC1468L 
SG1568R MC1568R SG3502N MC1468L 
SG1568T MC1568G SG3503 MC1403U. 

SG1595D MC1595L SG3503M MC1403U 
SG1596D MC1596L SG3503T MC1403U 
SG1596T MC1596G SG3503Y MC1403U 

SG1660D LM301AH SG3511J MC1463G 
SG1660J LM308J SG3511N MC1463G 
-SG1660M LM308N SG3511T MC1463G 
SG1660T LM308H SG3523Y MC3523U 
SG1760D SG3524J MC3420L 
SG1760F SG3525AJ SG3525AJ 

SG1760J SG3525AN SG3525AN 

SG1760M LM308N SG3526J SG3526J 

SG1760T LM308H SG3527AJ SG3527Ad 

SG2118Ad LM208AJ SG3527AN SG3527AN 

SG2118AM LM208AJ-8 SG3542J MC3424L 
SG2118AT LM208AH SG3542N | MC3424P 
SG2118J LM208J SG3543J MC3424L 
SG2118M LM208J-8 SG3544J MC3424AL 
SG2118T LM208H SG4194CJ MC1468L 
SG2250T MC1776G SG4194CR MC1468R 
‘$G2402N MC1494L SG4194J MC1568L 
SG2402T MC1494L SG4194R MC1468R 
SG2501AD MC1468L SG4250CM MC1776CP1 
SG2501AT SG4250CT MC1776CG 
SG2501D | MC1468L SG4250T MC1776G 
SG2501J MC1468L SG4501D MC1468L 

SG2501N MC1468L SG4501J MC1468L 
| SG2501T MC1468G SG4501N MC1468L 
SG2502J MC1468L SG4501T MC1468G 
SG2502N MC1468L SG7805ACK MC7805ACK 

SG2503 MC1403AU SG7805ACP MC7805ACT 

SG2503M MC1403AU SG7805ACR 


MC7805ACT 


Me cise ater inapuaecereescnee meas 


MOTOROLA LINEAR/INTERFACE DEVICES 
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i 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 
REPLACEMENT | REPLACEMENT 


| Mc7818ACK 
MC7818ACT 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 
REPLACEMENT REPLACEMENT 


MC7805ACT 


PARTNO. __ 


SG7805ACT 
SG7805AK 


SG7818ACK 
SG7818ACP 


MC7805AK 


SG7805AR MC7805AK SG7818ACR MC7818ACT 
SG7805AT MC7805AK SG7818ACT MC7818ACT fo 
SG7805CK MC7805CK SG7818AK  —s_ || MC7818AK-.--} —o 
SG7805CP - ‘MC7805CT~ ~ fF SG7818AR MC7818AK 
SG7805CR MC7805CT SG7818AT © MC7818AK 


MC78M05CG 


SG7818CK 
SG7818CP 


MC7818CK 


MC7805K MC7818CT 


SG7805R MC7805K SG7818CR MC7818CT 
SG7805T MC7805K SG7818CT MC7818CG 
SG7806ACK MC7806ACK SG7818K MC7818K 

SG7806ACP MC7806ACT SG7818R MC7818K 
SG7806ACR MC7806ACT | SG7818T MC7818K 
SG7806ACT MC7806ACT SG7824ACK MC7824ACK 

SG7806AK MC7806AK SG7824ACP MC7824ACT 

SG7806AR MC7806AK SG7824ACR MC7824ACT 
SG7806AT MC7806AK SG7824ACT MC7824ACT 
SG7806CK MC7806CK SG7824AK MC7824AK 

SG7806CP MC7806CT SG7824AR MC7824AK 
SG7806CR MC7806CT SG7824AT MC7824AK 
SG7806CT MC78M06CG SG7824CK MC7824CK 

SG7806K MC7806K SG7824CP MC7824CT 

SG7806R MC7806K SG7824CR MC7824CT 
SG7806T MC7806K SG7824CT MC78M24CG 
SG7808ACK MC7808ACK SG7824K MC7824K 

SG7808ACP MC7808ACT | SG7824R MC7824K 
SG7808ACR MC78M08ACT SG7824T MC7824K 
SG7808ACT MC7808ACT SG7905ACK MC7905ACK 

SG7808AK MC7808AK SG7905ACP MC7905ACT 

SG7808AR MC7808AK SG7905ACR MC7905ACT 
SG7808AT MC7808AK SG7905ACT MC7905ACT 
SG7808CK MC7808CK SG7905CK MC7905CK 
SG7808CP MC7808CT SG7905CP MC7905CT 

SG7808CR MC7808CT SG7905CR MC7905CT 
SG7808CT MC7808CG SG7905CT MC7905CT 
SG7808K MC7808K SG7905.2CK MC7905.2CK 

SG7808R MC7808K SG7905.2CP MC7905.2CT 

SG7808T MC7808K SG7905.2CR MC7905.2CT 
SG7812ACK MC7812ACK SG7905.2CT MC7905.2CT 
SG7812ACP MC7812ACT SG7908CK MC7908CK 

SG7812ACR MC7812ACT SG7908CP MC7908CT 

SG7812ACT MC7812ACT SG7908CR MC7908CT 
SG7812AK MC7812AK SG7908CT MC7908CT 
SG7812AR MC7812AK SG7912ACK MC7912ACK 

SG7812AT MC7812AK SG7912ACP MC7912ACT 

SG7812CK MC7812CK SG7912ACR MC7912ACT 
SG7812CP MC7812CT SG7912ACT MC7912ACT 
SG7812CR MC7812CT SG7912CK MC7912CK 

SG7812CT MC78M12CG SG7912CP MC7912CT 

SG7812K MC7812K | SG7912CR MC7912CT 
SG7815ACK MC7815ACK | SG7912CT MC7912CT 
SG7815ACP MC7815ACT . SG7915ACK MC7915ACK 

SG7815ACR MC7815ACT SG7915ACP MC7915ACT 

SG7815ACT MC7815ACT SG7915ACR . , MC7915ACT 
SG7815AK MC7815AK SG7915ACT MC7915ACT 
SG7815AR MC7815AK SG7915CK MC7915CK 

SG7815AT MC7815AK SG7915CP MC7915CT 
SG7815CK MC7815CK SG7915CR MC7915CT 
SG7815CP MC7815CT SG7915CT MC7915CT 
SG7815CR MC7815CT SG7918CK MC7918CK 

SG7815CT MC78M15CG SG7918CP. MC7918CT 

SG7815K MC7815K SH323SKC LM323K 

SG7815R - MC7815K SH8090FM MC1508L8 
SG7815T MC7815K SN52101AL. LM101AH 


| MOTOROLA LINEAR/INTERFACE DEVICES 
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA 


DIRECT SIMILAR DIRECT SIMILAR 
REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
SN52104L LM101H SN72510L MC1710CG 


SN72510N MC1710CP 


SN52106J MC1710L 


SN52106L MC1710G SN72514J MC1414L 
SN52107L LM107H SN72514N MC1414P 
SN52108AL LM108AH SN72555L MC1455G 
SN52108L LM108H SN72555P MC1455P1 
SN52109L LM109H SN72558L MC1458G 
SN52510J MC1710L SN72558P MC1458P1 
SN52510L MC1710G SN72702J MC1712CL 
SN52514J MC1514L SN72702L MC1712CG 
SN52555L MC1555G SN72709L MC1709CG 
SN52558L MC1558G SN72709P MC1709CP1 
SN52702AJ MC1712L SN72710J MC1710CL 
SN52702AL MC1712G SN72710L MC1710CG 
SN52702FA MC1712G SN72710N MC1710CP 
SN52702J MC1712L SN72711J MC1711CL 
SN52702L MC1712G SN72711L MC1711CG 
SN52709AL MC1709AG SN72711N MC1711CP 
SN52709L MC1709G SN72720J MC1710CL 
SN52710FA MC1710F SN72720L MC1710CG 
SN52710J MC1710L SN72720N MC1710CP 
SN52710L MC1710G SN72723J MC1723CL 
SN52711FA MC1711F SN72723L MC1723CG 
SN52711J MC1711L SN72733J MC1733CL 
SN52711L MC1711G SN72733L MC1733CG 
SN52723J MC1723L SN72741L MC1741CG 
SN52723L MC1723G SN72741P MC1741CP1 
SN52733J MC1733L SN72747J MC1747CL 
SN52733L MC1733G SN72747L /MC1747CG 
SN52741L MC1741G SN72747N MC1747CP2 
SN52747J MC1747L SN72748L MC1748CG 
SN52747L MC1747G SN72748P MG1748CP1 
SN52748L MC1748G SN72770L MC1456G 
SN52770L MC1556G SN72771L MC1456G 
| SN52771L MC1556G SN728104 MC1710CL 
SN52810FA MC1710F SN72810L MC1710CG 
SN52810J MC1710L SN72810N MC1710CP 
SN52810L MC1710G SN72811J MC1711CL 
SN52811FA MC1711F SN72811L MC1711CG 
SN52811J MC1711L SN72811N MC17110P 
SN52811L MC1711G SN72905 MC7905CT 
SN55107AJ MC55107L SN72906 MC7906CT 
SN55107BJ MC55107L SN72908 MC7908CT 
SN55108AJ MC55108L SN72912 Mc7912CT 
SN55108BJ MC75108L SN72915 MC7915CT 
SN55109J MC75S110L SN75107AJ MC75107L 
SN55110J MC75S110L SN75107AN MC75107P 
SN55244J MC1544L SN75107BJ MC75107L 
SN72L022P LM358N SN75107BN MC75107P 
SN72L044JA LM324N SN75108AJ MC75108L 
SN72L044N LM324N SN75108AN MC75108P 
SN72301AL LM301AH SN75108BJ MC75108L 
SN72301AP LM301AN SN75108BN MC75108P 
SN72306J MC1710CL SN75110AJ MC75S110L 
SN72306L MC1710CG SN75110AN MC75S110P 
SN72306N MC1710CP SN75121J MC3481/5L 
SN72307L LM307H SN75121N MC3481/5P 
SN72308AL LM308AH SN75122J SN75125-9L 
SN72308L LM308H SN75122N SN75125-9P 
SN72309L LM309H SN75125J MC75125L 
SN72311L LM311H SN75125N MC75125P 
SN72311P LM311N SN75126J MC3481/5L 
SN72440J MC3370P SN75126N MC3481/5P 
SN72440N MC3370P SN75127J MC75127L 
SN72510J SN75127N Mc75127P 


MC1710CL 


MOTOROLA LINEAR/INTERFACE DEVICES 
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MOTOROLA 


MOTOROLA MOTOROLA 


MOTOROLA 


DIRECT SIMILAR DIRECT | SIMILAR 
PART NO.: REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
SN75128J MC75128L SN76565N | MC13010P 
SN75128N MC75128P SN76591P MC1391P 
SN75129J MC75129L SN76594P MC1394P 
SN75129N MC75129P SN76600P MC1350P 


SN75138N 


SN75138J 
SN75150J 
SN75150N 
SN75154J 
SN75154N 


SN75160J 
SN75160N 
SN75172J 
SN75172NG 
SN75173d . 


SN75173N 
SN75174J 
SN75174NG 
SN75175J 
SN75175N 


SN75176JNG 
SN75176P 
SN75177JUG 
SN75177P 
SN75178JG 


SN75178P 
SN75188J 
SN75188N 
SN75188N3 
SN75189AJ 


SN75189AU4 
SN75189AN 
SN75189J 
SN75189J4 
SN75189N 


SN75189N3 


MC3443P 


-}MC3443P 
MC1488L 
MC148gP 
MC1489L 
MC1489P 


MC3447L 
MC3447P/P3 


SN76642N |McCi357P {| 


SN76644N 
SN76650N 
SN76651N 
SN76653N 
SN76660N 


SN76665N 
SN76666N 
SN76669N 
SN76678P 
SSS101AL 


SSS101AJ 
SSS107J 
SSS107P 
SSS201AJ 
SSS201AL 


SSS201AP 
SSS207J 
SSS207P 
SSS301AJ 
SSS301AL 


SSS301AP 
SSS741BJ 
SSS741Cu 
SSS741GJ 
SSS741GP 


SSS741J 

SSS747BP 
SSS747CK 
SSS747CM 
SSS747CP 


SSS747GK 


MC1352P 


MC1357P 
MC1352P 
MC1357P 


MC13010P 
MC1357P 


MC1355P 
LM101AH 


| MC1352P 


MC1358P 


SN751729 
SN75172NG 
SN75173J 


SN75173N 
SN75174J 
SN75174NG 
SN75175J 
SN75175N 


| SN751765G* 
SN75176P* 
SN75177JG* 
SN75177P* 
SN75178JG* 


SN75178P* 
MC1488L 
MC1488P 
MC1488PDS 
MC1489AL 


MC1489ALDS 
MC1489AP 
MC1489L 
MC1489LDS 
MC1489P 


MC1489PDS 


LM101AH 
LM107H 


LM201AH 


LM107H 


LM201AH 
LM201AN 


LM207H 
LM301AH 


LM207H 
LM301AH 


LM301AN 


MC1741G 
MC1741CG 


MC1741SG 


MC1741G 
MC1747L 
MC1747CG 
MC1747CF 
MC1747CL 


MC1747G 


MC1741SG 


SN75207J MC75107L SSS747GP MC1747L 
.SN75207N MC75107P SSS747P MC1747L 
SN75208J MC75108L SSS1408A-6Z MC1408L6 

SN75208N MC75108P SSS1408A-7Z MC1408L7 

SN75251N MC3471P SSS1408A-8Z MC1408L8 

SN75466J MC1411L SSS1458J MC1458G 

SN75466N MC1411P SSS1508A-8Z MC1508L8 

SN75467J MC1412L SSS1558J MC1558G 


SN75467N 


SN75468J 
SN75468N 
SN75475JNG 
SN75475P 


MC1412pP 


MC1413L 
MC1413P 
MC1472U 
MC1472P4 


TAA630 


TBA120 
TBA440 
TBA520 
TBA920 


MC1327P © 


TBA120C 
MC13010P 
MC1327P 
MC1391P 


SN75491AN MC75491P TBA920S MC1391P 
SN75491N MC75491P TBA990 MC1327P 
SN75492AN MC75492P TBA1440 MC13010P 
SN75492N MC75492P TCA4500A TCA4500A 

SN76104N. MC1310P TDA1085 TDA1085 

SN76105N MC1310P TDA1190Z TDA1190Z 

SN76111N MC1310P TDA1524 TCA5550 
SN76113N MC1310P TDA2540 MC13010P 


SN76115N MC1310P 
SN76116N 


SN76117N 
SN76246N 


TDA2544 
TDA3780 
TDA4420 


TDA4600 
TDA5600 
MC1496G TDC1027J7 

TLO22CUG LM358J 
SN76564N MC13010P TLO22CL LM358H 


“To be introduced. | | 
| . MOTOROLA LINEAR/INTERFACE DEVICES 
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MC13010P 
MC1376P 
MC13010P 


MC1310P 
MC1310P 


MC1327P 


TDA4600 


MC13010P 
MC10315L 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT | SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
‘| TLO22CP LM358N TL780-12CKC TL780-12CKC 
TLO2Z2MJG LM158J TL780-15CKC TL780-15CKC 
TLO22ML LM158H TL7805ACKC MC7805ACT 
TLO44CJ LM324J UC117K LM117K 
TLO44CN LM324N UC137K LM137K 
TLO44MJ LM124J | UC150K LM150K 
TLO71ACJG TLO71ACJG UC217K LM217K 
TLO71ACP TLO71ACP UC237K LM237K 
TLO71BCJG TLO71BCJG UC250K LM250K 
TLO71BCP TLO71BCP UC317K LM317K 
TLO71CJG TLO71CJG UC317T LM317T 
TLO71CP TLO71CP UC337K LM337K 
TLO72ACJG TLO72ACJG UC337T LM337T 
TLO72ACP TLO72ACP UC350K LM350K 
TLO72BCJG TLO72BCJUG | UC1525Ad SG1525Ad 
TLO72BCP TLO72BCP UC1526J SG1526J 
TLO72CJG TLO72CJG UC1527AJ SG1527Ad 
TLO72CP TLO72CP UC2525AJ SG2525AJ 
TLO74ACJ TLO74ACJ UC2526J SG2526J 
TLO74ACN TLO74ACN UC2526N SG2526N 
TLO74BCJ TLO74BCJ UC2527AJ SG2527AJ 
TLO74BON TLO74BON UC3525AJ SG3525AJ 
TLO74CJ TLO74CJ UC3525AN SG3525AN 
TLO74CN TLO74CN UC3526J SG3526J 
TLO81ACJG TLO81ACJG UC3526N SG3526N 
TLO81ACP TLO81ACP UC3527AJ SG3527AJ 
TLO81BCJG TLO81BCJG UC3527AN SG3527AN 
TLO81BCP TLO81BCP UDN5711M MC1471P1 
TLO81CJG TLO81CJG UDN5712M MC1472P1 
TLO81CP TLO81CP UDN5713M MC1473P1 
TLO82ACJG TLO82ACJG UDN5714M MC1474P1 
TLO82ACP TLO82ACP UDN7183A MC3491L 
TLO82BCJG TLO82BCJG UDN7184A MC3491L 
TLO82BCP TLO82BCP ULN2001A ULN2001A 
TLO82CJG TLO82CJG ULN2001AN MC1411P 
TLO82CP TLO82CP ULN2002A ULN2002A 
| TLO84ACJ TLO84ACJ ULN2002AJ MC1412L 
TLO84ACN TLO84ACN ULN2002AN MC1412P 
TLO84BCJ TLO84BCJ ULN2003A ULN2003A 
TLO84BCN TLO84BCON ULN2003AJ MC1413L 
TLO84CJ TLO84CJ ULN2003AJ4 MC1413LDS 
TLO84CN TLO84CN ULN2003AN MC1413P 
TL431CJG TL431CJG ULN2003AN3 MC1413PDS 
TL431CLP TL431CLP ULN2004A ULN2004A 
TL431CP TL431CP ULN2004AJ MC1416L 
TL4311JG TL4311JG ULN2004AJ4 MC1416LDS 
TL4311P TL4311P ULN2004AN MC1416P 
TL431ILP TL4311LP ULN2004AN3 MC1416PDS 
| TL431MJG TL431MJG ULN2064NE ULN2064B 
TL494CJ TL494CJ ULN2065NE ULN2065B 
TL494CN TL494CN ULN2066NE ULN2065B 
TL4941IJ TL494lJ ULN2067NE ULN2066B 
TL494IN TL494IN ULN2068B ULN2068B 
TL494MJ TL494MJ ULN2068NE ULN2068B 
TL495CJ TL495CJ ULN2069NE ULN2069B 
TL495CN TL495CN ULN2074B ULN2074B 
TL495IJ TL4951J ULN2074NE ULN2074B 
TL495IN TL4951N | ULN2111A MC1357P 
TL497CJ MC34063U ULN2113A MC1357P 
TL497CN MC34063P1 ULN2113N MC1357P 
TL497MJ MC35063U ULN2114A MC1327P 
TL514MJ MC1514L ULN2114K MC1327P 
TL710CP MC1710CP ULN2114N MC1327P 
TL710MJ MC1710L ULN2120A MC1310P 
TL780-05CKC TL780-05CKC MC1310P 


ULN2121A 


| MOTOROLA LINEAR/INTERFACE DEVICES | 
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PER. Bente oot na ane 2 BLM At BN he 8 me 


MOTOROLA 


MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR 
PART NO. | REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 


'ULN2122A 
ULN2128A 
ULN2136A 


“HAT8BGHM 
HAT8BGKC 
HA7T8BGKM 


LM117K 
LM117K 
LM117K 


MC1310P 
MC1310P 
MC1357P 


ULN2139D MC1439G KAT8GUC LM317T 
ULN2139G MC1439G LA7TBGUIC -LM317T- 
ULN2139H ‘MC 1439P2 LATBHOSKC MC7805CK 
ULN2139M MC1439P14 MAT8LO2ACJG MC78LO2ACG 
ULN2151D MC1741CG HAT8LO5ACJG MC78LO5ACG 
ULN2151G MC1741CF HA78LO5ACLP MC78LO5ACP 
ULN2151H MC1741CP1 HAT8LO5AHC MC78LO5ACG 

ULN2151M MC1741CP1 HA78LO5AWC MC78LO5ACP 

ULN2156D MC1456G LA7TBLO5CJG | MC78L05CG 
ULN2156G MC1456G KA78LO5CLP MC78LO5CP 

ULN2156H MC1456G KAT8LO5HC MC78L05CG 

ULN2156M MC1456G HA7T8LO5WC MC78LO5CP 

ULN2157A MC1458P2 HATBLO6ACJG MC78LO6ACG 
ULN2157H MC1458P2 MAT8LO6ACLP MC78LO6ACP 

ULN2157K MC1458G HATBLO6CJUG MC78LO6CG 
ULN2165A MC1358P MA78LO6CLP MC78LO6CP 

ULN2209A MC1357P KMATBLO8ACJG MC78LO8ACG 
ULN2210A MC1310P MA78LO8ACLP MC78LO8ACP 
ULN2224A MC1327pP HAT8LO8AWC MC78LO8ACP 

ULN2228A MC1327P HA78LO8CJUG MC78LO8CG 
ULN2244A MC1310P HA78LO8CLP MC78LO8CP 

ULN2264A MC13010P MA78L12ACJG MC78L12ACG 
ULN2267A MC1327pP MA78L12ACLP MC78L12ACP 

ULN2741D MC1741CG MA78L12AHC MC78L12ACG 

ULN2747A MC1747CL HAT8L12AWC MC78L12ACP 

ULN2801A ULN2801A HAT8L12CJ'G MC78L12CG 
ULN2802A ULN2802A MA78L12CLP MC78L12CP 

ULN2803A ULN2803A MA78L12HC MC78L12CG 

ULN2804A ULN2804A MA78L12WC MC78L12CP 

ULN8126A SG3526N MA78L15ACJG MC78L15ACG 
ULN8126R SG3526J MAT8L1I5ACLP MC78L15ACP 

ULQ8126A SG2526N MAT8L1I5AHC MC78L15ACG 

ULQ8126R SG2526J MAT8L15AWC MC78L15ACP 

ULS2139D MC1539G MAT8L15CJUG MC78L15CG 
ULS2139G MC1539G MA78L15CLP MC78L15CP 

ULS2139H MC1539L HA78L15HC MC78L15CG 

ULS2139M MC1439P1 HA78L15WC MC78L15CP 

ULS2151D MC1741G MA78L18AHC MC78L18ACG 

ULS2151M MC1741CP14 HA78L18AWC MC78L18ACP 

ULS2156D MC1556G MAT8L24AHC MC78L24ACG 

ULS2156G MC1556G MAT8L24AWC MC78L24ACP 

ULS2156H MC1556G MHAT8L26AWC MC7802ACP 

ULS2156M MC1556G HATBMGHC LM317MR 
ULS2157A MC1558L LA7ZTBMGHM LM117MR 
ULS2157H MC1558L MA7T8MGT2C LM317T 
ULS2157K MC1558G HA7T8MGU1IC LM317T 
ULS8126R SG1526J LA7T8BMGUC LM317MT 
ULX8161M MC34060P HAT8MO5CKC MC78M05CT 

XRO82CN TLO82CJUG HAT8M05CKD MC78MO5CT 
XRO82CP TLO82CP HLAT8MO5CLA MC78M05CG 

XRO82M TLO82MJG HA78MO5HC MC78M05CG 

XRO84CN TLO84CJ “LAT8M05HM MC78M05CG 
XRO84CP TLO84CN MA7T8M05UC MC78MO05CT 

XRO84M TLO84MJ HAT8MO06CKC MC78MO6CT 

XR3470A MC3470AP HAT8MO6CKD MC78MO6CT 
HMAQN802DC-1 MC1408L8 LHAT8MO6CLA MC78M06CG 
uA0802DC-2 MC1408L7 HAT8MO6HC MC78M06CG 

HA0802DC-3 MC1408L6 uA78MO6HM MC78M06CG 
uHAQ802DM-1 MC1508L8 HA78BMO6UC MC78MO6CT 

UAQ802PC-1 MC1408P8 HATB8BMO8CKC MC78MO8CT 

uHA0802PC-2 MC1408P7 LHAT8MO08CKD MC78MO8CT 
“HA0802PC-3 MC1408P6 HAT8MO8CLA MC78M08CG 
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MOTOROLA MOTOROLA | | MOTOROLA | MOTOROLA | 
DIRECT SIMILAR DIRECT SIMILAR 
REPLACEMENT REPLACEMENT 


PART NO. REPLACEMENT REPLACEMENT PART NO. 


uA78MO8HC MC78M08CG | uAT9M24AHM MC7924CK 
LAT8MOBHM MC78M08CG pATIM24AUC MC7924CT 
uA78MO08UC MC78MO8CT uAT9M24CKC MC7924CT 
uA78M12CKC MC78M12CT uA7T9M24HM MC7924CK 
uA78M12CKD MC78M12CT uA7T9M24UC MC7924CT 
uA78M12CLA MC78M12CG uA101AD LM101AJ 
UAT8M1 2HC MC78M12CG WAIO1AF LM101Ad 
UA78M12HM MC78M12CG wA101 AH LM101AH 
uA78M12UC MC78M12CT uA101D LM101AJ 
uA7T8M15CKC MC78M15CT A101 F | LM101AJ 
uwA78M15CKD MC78M15CT yA101H LM101AH 
uA78M15CLA MC78M15CG yA107H LM107H 
uA78M15HC MC78M15CG uA108AD LM108AJ 
LAT8M1 5HM MC78M15CG UAAO8AF LM108AH 
uA78M15UC MC78M15CT uA108AH LM108AH 
uA78M18HC MC78M18CG uA108D LM108J 
wA78M18HM MC78M18CG WA108F LM108F 
uA78M18UG MC78M18CT wA108H LM108H 
uAT8M20CKC MC78M20CT uA109KM LM109K 
uwA78M20CKD MC78M20CT WAI 17KM LM117K 
uAT8M20CLA MC78M20CG uA201AD LM201AJ 
wA78M20HC MC78M20CG A201 AF LM201AJ 
LAT8M20HM MC78M20CG A201AH LM201AH 
LAT8M20UG MC78M20CT A201 D LM201AJ 
WATBM24CKC MC78M24CT uA201F LM201AJ 
wA78M24CKD MC78M24CT yA201H LM201AH 
wA78M24CLA MC78M24CG yA207H LM207H 
uA78M24HC MC78M24CG A208AD LM208AJ 
ywA78M24HM MC78M24CG pA208AF LM208AH 
uA78M24UC MC78M24CT uA208AH LM208AH 
uA78S40DC uA78S40DC yA208D LM208J 
uA78S40DM uA78S40DM yA208F LM208F 
LAT8S40PC AT8S40PC uA208H LM208H 
uA79LOS5AHC MC79L05ACG uA209KM LM209K 
WATILOSAWC MC79LO5ACP uA217UV LM217K 
uA79LOSHC MC79L05CG uA301AD LM301AJ 
UATILOSWC MC79L05CP 4A301AH LM301AH 
wAT9L12AHC MC79L12ACG A301 AT LM301AN 
uA7T9L12ZAWC MC79L12ACP uA307H LM307H 
uA79L12HC MC79L12CG yA307T LM307N 
uA7T9L12WC MC79L12CP uA308AD LM308AJ 
uA79L15AHC MC79L15ACG uwA308AH LM308AH 
LATOLISAWC MC79L15ACP A308D LM308J 
UATSLASHC MC79L15CG uA308H LM308H 
uAT9LISWC MC79L15CP uA309KC LM309K 
uA79MOSAUC MC79MO5CT yAB11T LM311N 
uA7T9MO5CKC MC79MO5CT uA317KC LM317K 
uA79MO6AHM MC7906CK ywA317UC LM317T 
LATIMOGAUC MC7906CT uA431 AWC TL431CP 
uAT9MO6CKC MC7806CT uA494DC TL494CJ 
A79MO6HM MC7906CK uA494DM TL494MJ 
HW A79MOBUC MC7906CT uA494PC TL494CN 
LATSMO8AHM MC7908CK uwA555HC MC1455G 
uAT9MO8AUC MC7908CT UASSSHM MC1555G 
uAT9MO8CKC MC7908CT wAS55TC MC1455P1 
uA79M08HM MC7908CK uA556DC MC3456L 
NATIMOBUC MC7908CT UAS56DM MC3556L 
uA79M12AUC MC79M12CT LASS6PG MC3456P 
uAT9M12CKC MC79M12CT UA565JSC MC3412L 
LATIM15AUC MC79M15CT LABESKIC MC3412L 
uAT9M15CKC MC79M15CT uA565SJM MC3512L 
uA79M18AHM MC7918CK ywAS65TJM MC3512L 
WATOM1B8AUC MC7918CT uAT02DC MC1712CL 
uwA79M18HM MC7918CK uATO2DM MC1712L 
uA79M18UC MC7918CT uA702FM MC1712L 
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MOTOROLA MOTOROLA 


MOTOROLA 


| | MOTOROLA 
DIRECT SIMILAR" DIRECT SIMILAR 
PART NO. REPLACEMENT | REPLACEMENT |__| PART No. REPLACEMENT | REPLACEMENT 


HATO2ZHC 
LATO2HM 
MATO2MJ 


MC1712CG 
MC1712G 
MC1712L 


HAT34HC 
HAT34HM 
HAT40HC 


LM311H 
LM311H 
LF355H 


HAT7O2ML MC1712G HAT40HM LF155H 
uMATOSAHM MC1709AG MAT41ADM -MC1741L 
| MATOQSAMJG MC1709AU MA7T41AFM MC1741F 
MC1709AG H#A7T41AHM | MC1741G 
MC1709CU HAT41CJG MC1741CU 
MC1709CG MAT41CL MC1741CG 
MC1709CP1 MA741CP MC1741CP1 
MC1709CG MA741DC HAT41DC 
MC1709G MA741EHC MC1741G 
MC1709U MA741HC HAT41HC 
MC1709G MAT41HM MC1741G 
MC1709CP1 HAT41MJG MC1741U 
1MC1710CL MA741ML MC1741G 
MC1710CP MA741RC MC1741CU 
MC1710CL MA741RM MC1741U 
MC1710L MAT41TC HAT41TC 
MC1710CG MA7T42DC CA3059 
MC1710G HA7T46DC MC1327P 
MC1710L HAT46HC MC1327P 
MC1710CP MAT47ADM MC1747L 
MC1711CL MA747AHM MC1747G 
MC1711CP MAT47CL MC1747CG 
MC1711CL MAT47CN MC1747CP2 
MC1711L uHA747DC MC1747CL 
MC1711CG HA747DM MC1747L 
MC1711G HMAT47EDC MC1747CL 
MC1711L KAT47EHC MC1747CG 
MC1711CP HAT47HC MC1747CG 
MC1741SCU LAT47HM MC1747G 
MC1741SU MAT47MJ MC1747L 
MC1741SCG_ MAT47ML MC1747G 
MC1741SG MAT47PC MC1747CP2 
MC1723CL LA748AHM MC1748G 
MAT48CJUG MC1748CU 
HMAT48CL MC1748CG 
MC1723CP MA748CP MC1748CP1 
MC1723CL uMAT48HC MC1748CG 
MC1723L MAT48HM MC1748G 
MC1723L HAT48MJNG MC1748U 
MC1723CG MAT48ML MC1748G 
MC1723G UAT48TC MC1748CP1 
MC1723L MA7T53TC MC1357P 
MC1723G LAT54HC MC1355P 
MC1723CP MAT54TC MC1355P 
HA7T57DC MC1350P 
uA757DM . MC1350P 
uAT58 HAT58A 
4HA767DC . MC1310P 
“A767PC MC1310P 
BKAT72 MC1741S 
IMC1733CL HAT75DC LM339J 
MC1733CG LATT5DM LM339J 
MC1733CP HATT5PC . LM339N 
MC1733CL HA7T76DC MC1776CG 
MC1733L KAT76DM MC1776G 
MC1733F HAT7T6HC MC1776CG 
MC1733CG HAT7T6EHM MC1776G 
MC1733G LATTETC MC1776CP1 
MC1733L MATT7CIJ LM308AJ-8 
MC1733G LATTTCIG LM308AU-8 
BMAT77CL LM308AH 
MAT77CN LM308AN 
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uAT77CP 
uAT77DC 
uAT7TTHC 
uATI7TMJ 
uwAT77MJG 


wAT7Z7ML 
uwAT77TC 
uA786DC 
uAT9IIKC 
pAT9IIKM 


wATOIPS 

uwA79I6BDC 
uA7I6DM 
uATIBHC 
uATIBHM 


uATIBHC 
uA79I8HM 
uATIBRC 
uA798RM 
uATIBTC 


uAT9I9OHC 
uA7T9I9HM 
uwA1310 
uA1391PC 
uA1394PC 


uA1458CHC 
uA1458CP 
uA1458CRC 
uA1458CTC 
uA1458E 


pA1458HC 
uA1458P 
uA1458RC 
uAl1458TC 
uwA1558E 


HAISS8HM 
uA2136PC 
uA2240DC 
uwA2240DM 
uA2240PC 


uA3026HM 
uA3045 

uA3046DC 
uA3054DC 
uA3064PC 


uA3065PC 
uA3086DM 
4A3301P 
| uA3302P 
uA3303P 


uA3401P 
4A3403D 
uA3403P 
uA4136DC 
uA4136DM 


uA4136PC 
uA4558HC 
uw A4558HM 
uA4558TC 
uA7805CKC 


uA7T805KC 
uw A7805KM 
uA7805UC 
uA7805UV 
uA7B806CKC 


“To be introduced. 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 
PART NO. REPLACEMENT | REPLACEMENT 


| MC3558G 


LM308AN 
LM308AJ-8 
LM308AH 
LM108AJ-8 
LM108AJ-8 


LM108AH 
LM308AN 
MC1327P 
MC1438R 
MC1538R 


MC1438R 


MC1496L 
MC1596L 
MC1496G 
MC1596G 


MC3458G 


MC3458U 
MC3558U 
MC3458P1 


MC1741G 
MC1741G 


MC1310P 
MC1391P 
MC1394P 


MC1458CG 
MC1458CP1 
MC1458CU 
MC1458CP1 
MC1458G 


MC1558G 
MC1458P1 
MC1458U 
MC1458P1 
MC1558G 


MC1558G 


MC1357P 
MC1455U 
MC1555G 
| MC1455P1 


CA3054 
MC3346P 


MC3346P 
CA3054P 


MC13010P 


MC1358P 
MC3386P 
MC3301P 
MC3302P 
MC3303P 


MC3401P 
MC3403L 
MC3403P 


MC4741CL 
MC4741L 


MC4741CP 


MC4558CG 
MC4558G 

MC4558CP1 
MC7805CT 


MC7805CK 
| MC7805K 

| MC7805CT 
MC7805BT 
MC7806CT 


PART NO. 


uA7806KC 
uA7806KM 
uA7806UC 
uA7B806UV 
uA7808CKC 


pA7808KC 
uA7T808KM 
pA7808UC 
pAT808UV 
pA7812CKC 


uA7812KC 
uA7812KM 
uA7812UC 
uw A7812UV 
uA7815CKC 


uwA7B815KC 
pA7815KM 
pA7815UC 
uAT815UV 
uwA7818CKC 


pA7818KC 
uA7818KM 
uA7818UC 
uA7818UV 
uA7824CKC 


uA7824KC 
uA7824KM 
uA7824UC 
uA7824UV 
uA7902KC 


uA7T902KM 
wA7902UC 
uAT905CKC 
uAT905KC 
uA7905KM 


uA7905UC 


uA7906CKC 
uATIDBKC 
uA7T9I06KM 


uAT906UC 
uA7T908CKC 
uA7908KC 
uA7908KM 
uA7908UC 


uwA7T912CKC 
wA7912KC 
uwA7912KM 
uwA7912UC 
pwA7T915CKC 


uAT915KC 
uAT915KM 
uAT915UC 
uA7918CKC 
uA7918KC 


yA7918KM 
uA7918UC 
uA7T924CKC 
uAT924KC 
uA7924KM 


uA7T924UC 


uAQ636ACP 
uPC1373 


uA7905.2CKC 


pAQ636ACIG 


| MOTOROLA MOTOROLA | 
DIRECT SIMILAR 
REPLACEMENT | REPLACEMENT 


MC7806CK 
MC7806K 

MC7806CT 
MC7806BT 
MC7808CT 


MC7808K 
MC7808K 
MC7808CT 
MC7808BT 
MC7812CT 


MC7812CK 
MC7812K 

MC7812CT 
MC7812BT 
MC7815CT 


MC7815CK 
MC7815K 

MC7815CT 
MC7815BT 
MC7818CT 


MC7818CK 
MC7818K 

MC7818CT 
| MC7818BT 
MC7824CT 


MC7824CK 
MC7824K 
MC7824CT 
MC7824BT 
MC7902K 


MC7902K 

MC7902CT 
MC7905CT 
MC7905CK 


MC7905CK 


MC7905CT 
MC7905.2CT 
MC7906CT 
MC7906CK 


MC7906CK 


MC7906CT 
MC7908CT 
MC7908CT 


MC7908CK 
MC7908CT 


MC7912CT 
MC7912CK 


MC7912CK 


MC7912CT 
MC7915CT 


MC7915CK 
MC7915CT 


MC7918CT 
MC7918CK 


MC7915CK 


MC7918CK 


| MC7918CT 
MC7924CT 
MC7924CK 


MC7924CK 


MC7924CT 


* 


| MC3373P 
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MOTOROLA LINEAR/INTERFACE DEVICES 


Operational Amplifiers 


Motorola offers a broad line of operational amplifiers to meet a wide range of usages. From low-cost industry- 
standard types to high. precision circuits, the span encompasses a large range of performance capabilities. These linear 
integrated circuits are available as single, dual, and quad monolithic devices in a variety of package styles as well as 
standard chips. 


Single Operational Amplifiers 


Noncompensated 


| ip | Vio | TCvio | 
pA mV | pV/C 
! Max | Max i i Description Packages 


LM101A : : : ; : = General Purpose 601,693 
LM108 1 0. . : ; é : ae 3: Precision 601,693 
LM108A : , : ; : é Precision 601,693 
MC1539 : ; : : +4, =a High Slew Rate 601 
MC1709 ; ; ‘ é General Purpose 601,693 
MC1709A : : ; . ; ; High Performance 601 
MC1709 
MC1748 : : ; : : General Purpose 601,693 


LM301A : , ; : : General Purpose 601,626,693,751 
LM308 ; : ; : , a3; a Precision 601,626,693 
LM308A : ; : : : : : Precision 601,626,693 
MC1439 : : . : ; High Slew Rate 601,626 
MC1709C : : : ; : + General Purpose 601,626,693 
MC1748C ; ; : ‘ . General Purpose 601,626,693 


LM201A : : ; : +3. as General Purpose 601,626,693 
LM208 : ; ; : : . Precision 601,632,693 
LM208A : : : ; +3.0| + Precision 601,632,693 


lie Vio | TCvIo Voltage 
pA V 
Max i i Max Description Packages 


LM11 : é : : ; Precision 601,632,693 
MC1536 ; : ; ‘ : High Voltage 693,601 
MC1556 : : ; : . +3; High Performance 601,693 
MC1733 : . : Differential Wideband 603,632 
Video Amp 

MC1741 , : : ‘ ; General Purpose 601,693 
MC1741N : ; ; : 3, Low Noise 601,693 
MC1741S : . : +3; High Slew Rate 601,693 
MC1776 : : : : ma Be dea Power, Programmable 601,632 
MC35001 : : JFET Input . 601,693 
MC35001A . ‘ ; + JFET Input 601,693 
MC35001B : : ; JFET Input 601,693 
OP-27A : ; : : ; : Low Noise, Precision 601,693 
OP-27B : , . ‘ : . Low Noise, Precision 601,693 
OP-27C ; . ; ; 8 | +4, + Low Noise, Precision 601,693 
OP-37A ‘ ; : : Low Noise, Precision, 601,693 
OP-37B : : ; +4, Decompensated for 601,693 
OP-37C : : ; a Ay 25 601,693 
TLO71M ‘ : Low Noise, JFET Input 693 
TLO81M : : +5, = JFET Input 693 
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Single Operational Amplifiers (continued) 
Internally Compensated 


Vi 
Max 


oO | Tevio 


mV | pvc 


Supply 
Voitage 


Max 


Description 


Packages 


200 pA JFET Input 626 
LF355 200 pA JFET Input 601,626,693 
LF355B 100 pA JFET Input 601,626,693 
LF356 200 pA JFET Input 601,626,693 
LF356B 100 pA JFET Input 601,626,693 
LF357 200 pA Wideband FET Input 601,626,693 
LF357B 100 pA JFET Input 601,626,693 
LM11C 100 pA Precision 626,632,646,601 
LM11CL 200 pA Precision 693 
LM307 0.25 General Purpose 626 
High Voltage 626,601,693 
High Performance 601,626,693 
MC1733C 30 Differential Wideband 601,632,646 
Video Amp 
MC1741C 0.5 General Purpose 601,626,693,751 
MC1741NC 0.5 Low Noise 601,626,693 
MC1741SC 0.5 High Slew Rate 601,626,693 
MC1776C 0.003 uPower, Programmable | 693,626,601,751 
MC3476 0.05 Low Cost 601,626,693 
Power, Programmable 
MC34001 200 pA JFET Input 601,626,693,751 
MC34001A | 100 pA JFET Input 601,626,693,751 
MC34001B | 200 pA JFET Input 601,626,693,751 
OP-27EP 0.040 Low Noise, Precision 626 
OP-27FP 0.055 Low Noise, Precision | 626 
OP-27GP 0.080 Low Noise, Precision 626 
OP-37EP 0.040 Low Noise, Precision 626 
OP-27FP 0.055 Decompensated for 626 
OP-27GP 0.080 Ay 25 626 
TLO71AC 200 pA Low Noise, JFET Input 626,693 
TLO71BC 200 pA Low Noise, JFET Input 626,693 
TLO71C 200 pA Low Noise, JFET Input 626,693 © 
TLO81AC 200 pA JFET Input 626,693 
TLO81BC 200 pA JFET Input 626,693 
TLO81C 400 pA JFET Input 626,693 


Low Noise, Precision 601,693 


Low Noise, Precision 601,693 
Low, Noise, Precision 601,693 
Low Noise, Precision, 601,693 
Decompensated for 601,693 


Ay = 5 601,693 


Dual Operational Amplifiers 


Internally Compensated 


Military Temperature Range (—55°C to + 125°C) 


LM158 0.15 5.0 10 30 50 1.0 0.6 +15] +18 Split Supplies 601,632,693 

+3.0| +36 Single Supply 

(Low Power 
Consumption) 

MC1558 0.5 5.0 10 200 50 ‘el 0.8 +3.0 | +22 Dual MC1741 601,693 
MC1558N 0.5 5.0 10 200 50 2 0.8 +3.0) +22 Low Noise 601,693 
MC1558S 0.5 5.0 10 200 50 1.0 10 #3,0"! e22 High Slew Rate 601,693 
MC1747 0.5 | 5.0 10 200 50 1.0 0.5 #30: 22 Dual MC1741 601,632 
MC3558 0.5 5.0 10 50 50 1.0 0.6 +15; +18 Split Supplies 601,693 

+3.0| +36 Single Supply 
MC4558 0.5 5.0 10 200 50 4.0 1.5 +3.0 | +22 High Frequency 601,693 
MC35002 | 100 al 10 | 10 Pe " 25 | 4.0 | 13 | +5.0 | #22 JFET Input 601,693 
MC35002A | 75pA | 2.0 10 25 pA | 50 4.0 13 +5.0| +22 JFET Input 601,693 
MC35002B |100 pAj 5.0 10 50 pA | 50 4.0 13 #5 /0)) 22 JFET Input 601,693 
TLO72M 200 pA| 6.0 10 50 pA | 35 4.0 13 +5.0| +18 | Low Noise, JFET Input 693 
TLO82M 200 pA| 6.0 10 |100 pA| 25 4.0 13 +5.0) +18 JFET Input 693 
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Dual Operational Amplifiers (continued) 


Internally Compensated 


, Supply 
se Vio | TCvio Voltage . 
mV | 2V/°C . 
bras Max i i Description Packages 


LF353 
LM358 


MC1458 
MC1458C 
MC1458N 
MC1458S 
MC1747C 
MC3458 


MC4558C 
MC34002 
MC34002A 
MC34002B 
TLO72AC 
TLO72BC 
TLO72C 
TLO82AC 
TLO82BC 
TLO82C 


JFET Input 
Single Supply 
(Low Power 
Consumption) 
Dual MC1741 
Dual General Purpose 
Low Noise 
High Slew Rate 
Dual MC1741 
Split Supplies 
Single Supply 
(Low Crossover 
Distortion) 

High Frequency 
JFET Input 
JFET Input 
JFET Input 
Low Noise, JFET Input 
Low Noise, JFET Input 
Low Noise, JFET Input 
JFET Input 
JFET Input 
JFET Input 


Split Supplies 


Single Supply 
Split or Single 
Supply OP Amp 


626 
601,626,693,751 


601,626,693,751 
601,626,751 
601,626,693 
601,626,693 
603,632,646 
601,626,693 


601,626,693,751 
601,626,693,751 
601,626,693,751 
601,626,693,751 
626,693 
626,693 
626,693 
626,693 
626,693 
626,693 


626 


626,751 


Industrial Temperature Range (-— 25°C to rox 


LM258 0.15 30 50 1.0 1.5 fo 18 Split or Single 
+3.0| +36 Supply OP Amp 
Noncompensated 
Military Temperature Range (—55°C to + 125°C) 
mcrs37_ | 06 | 50 | 10 | 200 | 25 | 1.0 | 025 [+30] 18] Dual MC1709 


Commercial Temperature Range (0°C to + 70°C) 
MC1437 Dual MC1709 632,646 


Quad Operational Amplifiers 


601,626,693 


Internally Compensated 


Military Temperature Range (—55°C to + 125°C) 


LM124 ; ; : 5 ; zag Low Power 632,646 
Consumption 
LM148 : : ; ‘ Quad MC1741 632 
MC3503 : : : : 4, a General Purpose 632,646 
Low Power 
MC4741 : : : Quad MC1741 632,646 
MC35004 ‘ 5; JFET Input ; 632 
MC35004B ; : JFET Input 632 
MC35074 ; : ; O| : High Performance, 632 


MC35074A ; Single Supply 632 
MC35084 |; | mato Hi-Speed, JFET Input 632 
MC35084A : Hi-Speed, JFET Input 632 
MC35085 +5, + Decompensated 632 
MC35085A ; ; MC35084 for Ay=2 632 
TLO74M : : : em Low Noise, JFET Input 632 
TLO84M : : +50) JFET Input 632 
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Guad Operaiionai Ampiifiers (continued) 


Internally Compensated 


Supply 
Voltage 
V | 
Min Max Description Packages 


LF347 ; +5.0] + JFET Input 646 
LF347B : ‘ 5.0) ) = JFET Input 646 
LM324 : ; : So )ck Low Power 632,646,751A 
. Consumption 
LM348 ; ; . a3: Quad MC1741 632,646,751A 
MC3401 ; — , : 5] + Norton Input 632,646 
LM3900 
MC3403 ; : ; ; , No Crossover 632,646,751A 
Distortion 
MC4741C ; : ; ; : Quad MC1741 632,646 
MC34004 : : JFET Input 632,646 
MC3400B ; 1. OO} + JFET Input 632,646 
MC34074 : ; : : High Performance, 632,646 
MC34074A ; : é : Single Supply 632,646 
MC34084 +5.0.) = Hi-Speed, JFET Input 632,646 
MC34084A ; O} + Hi-Speed, JFET Input 632,646 
MC34085 : Decompensated 632,646 
MC34085A #50)" MC34084 for Ay=2 632,646 
TLO74AC : : : Low Noise, JFET Input 632,646 
TLO74BC ; : ; Low Noise, JFET Input 632,646 
TLO74C : £5.07 Low Noise, JFET Input 632,646 
TLO84AC : ; +50 | & JFET Input 632,646 
TLO84BC , ‘ 2 JFET Input 632,646 
TLO84C : = JFET Input 632,646 


LM2902 ; ; : +15] + Differential 646,751A 
Low Power 

MC3301 : ; ; «0. ; a Norton Input 646 
LM2900 

MC3303 : : ' i ; Differential 646 

General Purpose 

MC33074 : ; : High Performance, 632,646 
MC33074A ; ; ; Single Supply 632,646 
MC33084 25; Hi-Speed, JFET Input 632,646 
MC33084A : . Hi-Speed, JFET Input 632,646 
MC33085 ; Decompensated 632,646 
MC33085A : ; MC33084 for Ay=2 632,646 


Split or Single 632,646 
Supply OP Amp 
Quad MC1741 632,646 


Electrical Specifications 
AGC Amplifiers Non AGC Amplifiers 
Temperature Range Vcc! 

- 55 to 0 to i VEE 
+ 125°C + 75°C MHz Vdc Case SE592 NE592 
MC1590 44 Typ @ AO fe 

4Typ @ 156 


120 


+ 6/- 603,632 
é _ 646 
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Single Operational Amplifiers (continued) 


:Wweawewe 


Package Styles 


= 

BS 
CO 
00 
—= 
pS 


1 1 1 1 


CASE 
MATERIAL 


14 
1 


High Frequency 
Amplifiers 


A variety of high-frequency circuits with features ranging from low-cost simplicity to multi-function versatility marks 
Motorola’s line of integrated amplifiers. Devices described here are intended for industrial and communications ap- 
plications. For devices especially dedicated to consumer products, i.e., TV and entertainment radio, see ‘Circuits for 
Consumer Applications’ 


Non-AGC Amplifiers | AGC Amplifiers 

SE/NE592 — Differential Two Stage MC1545/MC1445 — Gated 2-Channel Input 

Video Amplifier Differential input and output amplifier with gated 
A monolithic, two state differential output, wideband 2-channel input for a wide variety of switching purposes. 

video amplifier. It offers fixed gains of 100 and 400 with- Typical 75 MHz bandwidth makes it suitable for high- 

out external components and adjustable gains from 400 frequency applications such as video switching, FSK cir- 

to 0 with one external resistor. The input stage has been cuits, multiplexers, etc. Gating circuit is useful for AGC 

designed so that with the addition of a few external re- control. 

active elements between the gain select terminals, the 

circuit can function as a high pass, iow pass, or band MC1590 — Wide-Band General Purpose 

pass filter. This feature makes the circuit ideal for use as Has differential inputs and outputs with unneutralized 

a video or pulse amplifier in communications, magnetic power gain as high as 35 dB typical at 100 MHz in tuned 

memories, display and video recorder systems. amplifier service. Effective AGC voltage range from 5 to 


7 volts for a 30 dB gain reduction. 
MC1733/MC1733C — Video Amplifier 


Differential input and output amplifier provides three 
fixed gain options with bandwidth to 120 MHz. External 
resistor permits any gain setting from 10 to 400 v/v. Ex- 
tremely fast rise time (2.5 ns typ) and propagation delay 
time (3.6 ns typ) makes this unit particularly useful as 
pulse amplifier in tape, drum, or disc memory read 
applications. 
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Voltage Regulators 
Fixed Output Voltage Regulators 


@ Low-cost monolithic circuits for positive and/or negative regulation at currents from 100 mA to 3.0 A 
e Ideal for on-card regulation of subsystems 
e Internal current limiting thermal shutdown and safe-area compensation 


Fixed/Voltage, 3-Terminal Regulators for Positive or Negative Polarity Power Supplies 
Device Device 


lo 
Vout Tol.t mA Vin Regiine | Regload 
Volts Volts Max Positive Output | Negative Output | Min/Max mV mV Case 


SSR OTE S Cea eae Ea Ae RS ME eee aE EN 
00 MC79LO3AC 4730 | 60 | 72 29, 79 
MC79L03C | 80 | 
a SESS AER TE AT) STRAIT RG! LAAT AT EE SS EDIE EERE LLP eee 
5 100 MC78LO5C MC79L05C 6.7/30 29, 79 
MC78LO5AC | MC79LO5AC _ | 150 


MC78M05C 


Ww 
I+ | It 
als 
Olan 


imag | 
ee ee 
wes [=a Cee 
+0.25 | mc7vsospe | — | 8/38 100 1.0 1, 221A 
ul 
umiaos* | 7.0085 
LM340-5 es ee 1, 2218 
ia 
— | mcvetosc | a 
+04 a ee 25 | 100 
ee ee ee ee as 
ee eee 
ums23q | 2210 
aed a a Sea ae (AA EET EE PN ERNE REE I OEE] GAN URE MEER (NORTEL CON (SENG TRRESE ISS CPR ES (20ST Ee aE! AA ENaniE LEN P RENOIR} 
52 | 0.26 | 1600 | = — | mcraos.2c_ | 7.295 | 105 | 105 | 1.0 | 221 
Se A Ts ERA ARN (RAE REGIA (SPGSMAGE SL 1 PENT RRP SO SESE (CP NO REIL OR Ee SEY 65 FRA APE DN (SSE DSN (NE SCRA SCR SCE) FEA Cae en ann) SG STC 
| 835 


60 | 
+0.3 | me7soese# [| — | 9/36 120 | 120 1, 2214 
A | ctw] | 


a oe a 
#Ty = —40 to +125°C tOutput Voltage Tolerance for Worst Case (continued) 
*Ty = —55 to +150°C 
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Fixed Output Voltage Regulators (continued) 


Vout Tol.t a i Device . Vin Regline 
Volts Volts Max Positive Output | Negative Output | Min/Max 


= Ral 8 MC78L08C 9.7/30 
al aie MC78LO8AC ae 
+0.4 | 500 | MC78MOsC 
MC7808* 
MC7808B# 
MC7808C 
+0.3 MC7808A* 
MC7808AC 
+0.4 LM140-8* 
LM340-8 


Regioad 


Case 
29, 79 


11.5/35 
MC7908C 


10.6/35 


1.0 79, 221A 


100 
160 1, 221A 


< 


=" 

oO 

oO 
So 
= 
o 


—_ 
foe] 


100 1, 221A 
1, 221A 
MC78T08* 10.4/35 
MC78TO8C 1, 221A 
Feet ON ans ag ea gi ae gg pa a Pg Ne tee ge cee DREGE 2. aa 
MC78L12C MC79L12C 13.7/35 29, 79 


+0.6 MC78L12AC MC79L12AC 
500 MC78M12C MC79M12C 14/35 


mc7si2* | — | 15.5/35 120 
me7eize# | 
pee te 14.5/35 


No 
aS 
jo) 


79, 221A 
120 


st 8 th 


No 
£ 
oO 


1, 221A 


| = MC7812A* | 14.8/35 
MC7812AC a 


100 | 1, 221A 
Ma 6 | LM140-12* | 14.5/35 120. | 
ere | imiaoai2e | = | fee 
28 Lms4o-12 | 3 — | 120 120 1, 221A 
— Lmsqoai2 | 


[Merete | 
|_| mererizac | — — 


ans | | +15 | rwevelisc | MC7éL16C 16.7/35° | 300 
MC78L15AC MC78L15A 
MC78M15C MC79M15C 17/35 a} oo  Ta | 79, 2214 


mc7sisB¥ =| C—O 300 i: ok 
MC7815C MC7915C 17.5/35 


0.24 
1, 221A 


1, 221A 


29, 79 


| omce7eisax | — | Ss17.9/85 22 


mevstsac | | 100 \ ee 


oe as mevetiss | 17.8140 30 ee eae 

MC78T15C MTSE 1, 2218 
MC78T15AC ee 1, 2218 

*Ty = —55 to + 150°C 


tOutput Voltage Tolerance for Worst Case 


#Tj = —40to +125°C 
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AVO/AT 
Vout Tol.t mA Device Device Vin poate Regload mvV/°C 
Volts ee Max Positive Output | Negative Output | Min/Max Typ Case 


MC78L18C 

MC78L18AC 

MC78M18C 
1500 MC7818* 


MC79L18C 19.7/35 
MC79L18AC 


oll iol Mall -_ 


i 


22/35 180 180 
MC7818B# = 360 360 1, 221A 


MC7818C MC7918C 21/35 oe 
MC7818AC 100 1,221A 
Pe eee 


. 
LM140-18* 
LM340-18 
- MC78T18* 
MC78T18C 
a= 
MN SET 


I+ A 
oO}|- 
co A 
ol —_— 
o °o 
Oo ro) 


N 
© 
rep) 
— 
iS 
ro) 
ww 
oO 
ww 
a 

— 

Ss |= 

—— 

> 


|: 
a 


= 
Oo 
oO 
= 
ioe) 
Oo 
= 
NO 
NO 
= 
> 


MC78M20C 


pe etc 
MC78L24C MC79L24C 25.7/40 350 200 29, 79 
MC78L24AC MC79L24AC 300 
MC78M24C 26/40 


MC7824* 28/40 


MC7824B# 
MC7924C 27/40 


MC7824C 
240 240 
1, 221A 


po 
oo 
ros) 
— 
N 
~ 
ie) 
N 
NO 
— 
> 


i) 
hk 
Oo 


MC7824A* 
MC7824AC 
LM140-24* 
eee 24 
ere 
| Mc78T24c | 


aN 
[oe] 
oO 
= 
NO 
RO 
= 
> 


= 
ol 
io) 
[o> 


Adjustable Output Voltage Regulators 


Positive Output Regulators 


Regulation 


% Vout @ 
Ta = 25°C 


Max 


internally Eee ee 29, 79 
Pimnited faa aa 150 


oe = | 
20 SS 0.3 a 003 | 150 | 646 | 
1.0 603 | 
| 0.003 | 
| 0.003 | | 0.003 | | 751A | 
| 150_| 751A 


Pacis | 


[fete fe fae om 


#Tjy = —40to +125°C (continued) 
*Ty = —55 to +150°C 
tOutput Voltage Tolerance for Worst Case 
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Adjustable Output Voltage Regulators (continued) 


Positive Output Regulators 


Ss 


mA 


f 
lo f 
i 
Max x 


Device 


a 12 | 37 | 5.0 3.0 


| LM317M 


ae 


| LMi7M* | 


Ey Re eer 
so | % | 30 | 30] 0 
ESE ee 


rieeo | wer? | t | 12 | 
7 
Peery 
} M117" | 
rsoeo | Lwaso | Tt | 12 50 
LM250# oa 
| Lm150* | 


= —25to + 150°C 
= —55to +150°C 


Internally 
Limited 


eae eae ocr tos) soGcers 
Limited 


Internally 
Limited 


1) 


Negative Output Regulators 


Regulation 


% Vout @ 
Ta = 25°C 


bail — 
0.02 nce 004 
| 0.0036_| 0036 


Liebielids 
0.01 | 03 


Regulation 

% Vout @ 

Ta = 25°C 
Max 


Ta = | Tce= 
25°C 25°C Line Load 


250 MC1463 
ieee =) 563 


LM337M imasym | 7 | 12 | 
LM337M 
aeete 


__LM137M* 


io [asia MC1463 


Limited 
| MC1563__| 563 


1500 et ~1.2 30 
ee 
| LM237# 


#Ty = —25to +150°C 
*Ty = —55 to +150°C 


Internally 
Limited 


| 0.03 | 0.05 | 0.002 | 150 


era | 
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Switching Regulators 


Used as the control circuit in PWM, push-pull, bridge and series type switchmode supplies. The devices include 
the reference, oscillator, pulse-width modulator, phase splitter and output sections. Frequency and duty cycle are 
independently adjustable. 


Lt 1 30 2.0 100 MC3420 
L 


L 
250* 7.0 1.0 300 MC34060 
ets 

ey 

/ = ; 

$G3525A 
SG3525A 
+400 0.1 400 SG2525A 
‘| $G2525A 
SG1525A 
SG3527A 
SG3527A 
+400 0.1 400 


A 
ie 


rh 


Case 

0 to +70 648 

620 

620 
6 

632 

—55 to +125 632 

0 to +70 648 

620 

648 


—55 to +125 
~ Oto +70 


‘ 
oO) 


i 
2 


oO? 
i] 
Oo 


2) 
a 


—25 to +.85 


= 
Cc 


— OQ 


—55 to + 125 620 

0 to +70 707 
726 
707 


—25to +85 
—25to +85 726 
0° to +70 648 
0 to +70 620 
648 
620 
620 
64 


—40to +85 


—55 to +125 
0 to +70 


SG2527A 
SG2527A 
SG1527A 
SG3526 
SG3526 
$G2526 
$G2526 
SG1526 


648 
620 
620 
707 


-—40 to +85 


—55 to +125 


0 to +70 


-- 


0 
-40 to +85 


~“ 
N 
(oy) 


—55 to +125 726 


SN] N 
NO 
oO P™N 


pA78S40 PC 648 
0 to +70 
1500* 2.5 0.1 100 pA78S40 DC 620 
pA78S40 —55to +125 


MC34063 
MC34063 
MC33063 
MC33063 
MC35063 


626 
693 
626 
693 
—55to +125 693 


0 to +70 
U 


—40 to +85 


- 


*Single output device 
**Internal 39 V zener for <40 volt operation 


weer ee 
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Special Regulators 


Floating Voltage and Current Regulators 


Designed for laboratory type power supplies. Voltage is limited only by the break down voltage of associated, 
external, series-pass transistors. 


Toots | oor 


*Dependent on characteristics of external series-pass elements. 


Dual +15 V Tracking Regulators 


Internally, the device is set for +15 V, but an external adjustment can change both outputs simultaneously, from 


8.0 V to 20 V. 
Watts i Ta 
Max °C 
3.0 Oto +75 
| 614 | 
55 to +125 
ee 
| 614 | 


Regline Regioad TA 
mV Max mV Max °C 
LM385BZ-1.2 29 
ey) |_~40 to +85 
LM285Z-1.2 ae ~40 to +85 
LM385Z-1.2 Oto +70 
— (Note 1) 
LM385BZ-2.5 
ey |_ a0 to +85 | 
LM285Z-2.5 | Acca ~40 to +85 
LM385Z-2.5 | 
Mc1400G2 3.0 10 601 
MC1400AG2 (Note 4) (Note 7) 
MC1500G2 —55 to +125 
MC1500AG2 
MC1403 3.0/4.5 10 693, 79, 751 
(Note 8) 693, 79 
~55 to +125 


MC1403A 

MC1503 
MC1503A 

Notes: (continued) 

. Micro-Power Reference Diode Dynamic Impedance (z) < 1.0 9 at IR = 100 vA 

- 10 pA < IR <1.0 mA 

. 204A < IR <1.0mA 

A (Vout + IV) = Vin = 40V 

45V <Vin < 15 V 

15 V < Vin = 40 V 

6. (Vout + 2.5 V) = Vin <= 40V 

7. -10mMA SIL < + 10 mA 

8. 0 mA <IL < 10 mA 


Typ 


1.235 + 12 mV 


1.235 + 25 mV 


(Note 5) 


Oo hwWNhy = 
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Special Regulators (continued) 


Low Temperature Drift, Voltage References 


Vout 
Volts Regline Regload TA 
Typ mV Max mV Max °C 
693 


5.0 + 10 mV +10 MC1400G5 4.0 20 
| 0 MeoAGe (Note 4) (Note 7) 
| 40 | MC1500G5 —55 to +125 
MC1500AG5 


5.0 + 50 mV 10 | 40 | Mc1404us 6.0 10 
MC is0taue (Note 6) (Note 8) 
| 55 | MC1504U5 —55 to +125 
| 25 | ~MC1S04AU5 

6.25 + 10 mV +10 | 25 | MC1400G6 4.0 20 
ee MC TsOnAGe (Note 4) (Note 7) 
| 40 | MC1500G6 —85 to +125 
| 10 | MC1500AG6 

6.25 + 60 mV 10 | 40 | Mc1404U6 6.0 10 
Meee (Note 6) (Note 8) 
| 55 | = MC1504U6 —85 to +125 
MC1504AU6 

10 + 20mV MC1400G10 4.0 20 0 to +70 601 


| 10 | MC1400AG10 | (Note 4) (Note 7) 
| 40 | ~MC1500G10 —55 to +125 
| 10 | MC1500AG10 


10 
10 
10 + 100 mV 10 | 40 | Mci404U10 6.0 10 
einai yale lasSiabedlha (Note 6) (Note 8) 
| 55 | ~MC1504U10 55 to +125 
MC1504AU10 
TL431C Shunt Reference 29, 626 
2.5 to 37 50 Typ TL4311 -—40 to +85 693 


Dynamic Impedance 
TL431M —55 to +125 
Notes: 


z< 0.52 
. Micro-Power Reference Diode Dynamic Impedance (z) < 1.09 at IR = 100 uA 
. 10 pA = IR <= 1.0 MA 
. 20 pA <= IR = 1.0 mA 
s (Vout +1.0 V) = Vin <=40V 
4.5V <Vjn < 15 V/15 V < Vin = 40 V 
. (Vout + 2.5 V) <= Vin = 40 V 
-10 mA <I|_ < + 10mA 
.OmASIL =< 10mMA 


ONOORWN = 


2 


fed 1 
Package Styles fo \3 62> W 7 & Saw 
1 o1 ‘ : f : 
1 


29 79 80 221A 603 603C 
(TO-3) (TO-92) (TO-39) (TO-66) (TO-220) (TO-5 Type) 


sure SKK KC] OP. Lee 


ee ae ee ee 


‘ 


Z G, H 


ioe] 


4 
1 


ae 
foe 


[Por Pa | 


1B 
1 1 1 

Hl ad Bnd al Ml 
| NP ee ea 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-13 


Voltage References 


Precision Low-Voltage 
References 


A family of precision low-voltage bandgap voltage reference, these devices are designed for applications requiring 
low temperature drift. » 3 ; | 


MC1400/MC1500 . MC1404/MC1504 MC1403/MC1503 LM285/LM385 


12 3 

Z SUFFIX 

U SUFFIX — CASE 693 U SUFFIX — CASE 693 ~ CASE 29 
D SUFFIX — CASE 751 (TO-92) 


Regline Regioad TA 
mV Max mV Max °C 
1.235 + 12 mV LM385BZ-1.2 0 to +70 29 
| 40 to +85 | 
LM285Z-1.2 (Note 2) —40 to +85 
1.235 + 25 mV LM385Z-1.2 0to +70 
20 20 Typ (Note 1) 
2.5 + 38 mV LM385BZ-2.5 
oF) | a0 to +85 
LM2852Z-2.5 (Note 3) 40 to +85 
0 to +70 


LM385Z-2.5 


2.5 + 5.0 mV +10 MC1400G2 3.0 10 601 
ded itte same (Note 4) (Note 7) 
| 40 | Mc1500G2 85 to +125 
MC1500AG2 | 
10 


10 | 40 |  Mc1403 3.0/4.5 693,79,751 
eee (Note 5) (Note 8) Sees 
693 


| 55 | MC1503 —55 to +125 


+10 MC1400G5 4.0 20 
mes sence (Note 4) (Note 7) 


C10 crs00acs | 
ao 


5.0+50mV | 10 MCc1404U5 6.0 10 
bed lesastaeha (Note 6) (Note 8) | 
| 65 | MC1504U5 56 to +125 
MC1504AU5 

6.25 + 10 mV +10 MC1400G6 4.0 20 601 
| 40 | mc1500G6 —86 to +125 

| | 10 | MC1500AG6 


(continued) 
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Precision Low-Voltage 
References (Continued) 


Vout 
Volts Regline Regload 
Typ mV Max mV Max 
6.25 + 60 mV 10 | 40 | Mc1404U6 6.0 10 
edb aaislcs (Note 6) (Note 8) 
MC1504U6 —55 to +125 
MC1504AU6 
10 + 20 mV +10 MC1400G10 4.0 20 601 
| 10 | MCI400AG10 | (Note 4) (Note 7) 
| 40 | Mc1500G10 55 to +125 
| 40 | ~MC1404U10 6.0 10 693 
Melee (Note 6) (Note 8) 


| 55 | MC1504U10 55 to +125 


oO 

Sl. 
° 

+ | OD 

~ 

oOo 


10: + 100 mV 


2.5 to 37 TL431C 29,626,693 
—40 to +85 


=55 to +125 


Shunt Reference 
Dynamic Impedance 
(7) <0.50 


Notes: 

. Micro-Power Reference Diode Dynamic Impedance (z) = 1.0 atIR = 100 pA 
. 10 pA SIR = 1.0 MA 

. 20 pA < IR < 1.0 mA 

4.5 V < Vin = 15 V/15 V < Vin = 40 V 

. (Vout + 2-5 V) < Vin = 40 V 

-10 mA < IL <= + 10 mA 

.OmAsS|IL <= 10 MA 


ONONRWN> 


i 
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Data Conversion 


The Line of data conversion products which Motorola offers, span a wide spectrum of speed and resolution/accuracy. Features including 
bus compatibility minimize external parts count and provide easy interface to microprocessor systems. Various technologies such as ion 
implantation, thin-film, laser trimming and CMOS are utilized to achieve functional capability, accuracy and production repeatability. 


A-D Converters 


In Temperature 
put cs 
Resolution Accuracy |Conversion| Voltage Supplies ange t 
(Bits) (Max) Time Range (V) PM] i C | Package | Technology Comments 


7 MC10315L | +%LSB 1 to2 Vp-p | +5.0, —5.2 24-Pin DIP Bipolar Video Speed Flash, ECL 
_ | Logic Levels 
7 MC10317L | +%LSB 1 to 2 Vp-p | +5.0, +5.2 24-Pin DIP} Bipolar Video Speed Flash, 
Expandable to 8-Bits, 
*AM6108A + % LSB 2.0 us** +5.0 V 28-Pin DIP Bipolar uP Compatible, Three- 
0 to 5.0 V State Outputs, includes 
oe Oto 10 V 


ECL Logic Levels 
Reference 


Devices in shaded area — Refer to MOS Special Function Data Book, DL130, for further information. 
* To Be Introduced. 
** Includes Data Transfer Time. 
t Temperature Ranges: 
M e@ — Military (—55°C to + 125°C) 
@ — Industrial (— 25°C to + 85°C) 
m — Automotive (—40°C to +85°C) 
A — Automotive (— 40°C to + 125°C) 
@ — Commercial (0°C to + 70°C) 


QO-- - 
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D-A Converters 


Accuracy |_ Settling 
Resolution Part @ 25°C Time Internal 
(Bits) Number (+ V2 LSB) | Reference 


MC1406 
MO144110 | -#2. 


1+5.0to +15 


MC144111 +5.010 +15 ‘[14-Pin DIP| CMOS | Seri 


DAC-08 P=%sB| 150ns | — | +5.0to + 15| © | | [16-Pin DIP, Bipolar 
DAC-08A | =%LSB| 135ns | —  |=50to+15| ¢ | | _|16-Pin DIP| Bipolar 
pac.osc | +118B| 150ns | —  |+5.0to +15 ie | 

pac-ose |+%.SB| 150ns | —  |+5.0to +15 
DAC-08H | +%LSB| 135ns | —  |+5.0to +15 


= 
Typ 
MC1408L7 300 ns Le +5.0, —1 
Typ | 
Typ 
Typ 
Typ 
il i Mt! EM 
| Typ 
ol i 7 Pa Reia Ml cel en 
Typ | 
vaoe [aves sem [ev ferwsel [| eer], [car 
Thin-Film | Buffered 
moon [eee] wom [ay feel] | Pr 
Thin-Film 


Includes Application 
Resistors 
Devices in shaded area — Refer to MOS Special Function Data Book, DL130, for further information. 
t Temperature Ranges: 

M e —Military (—55°C to + 125°C) 
| @ — Industrial (— 25°C to +85°C) 
| w# — Automotive (- 40°C to + 85°C) 
| A — Automotive (—40°C to +125°C) 
C @e —Commercial (0°C to +70°C) 
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Resolution 
(Bits) 


D-A Converters (continued) | Pe 


Accuracy | Settling 
Part @ 25°C Time internal | Supplies ange t . ; 
Number (Max (+ % LSB) | Reference (V) Mi tic. Package | Technology Comments 
MC10318CL6 | +2LSB 10 ns -5.2 16-Pin DIP| Bipolar ECL input Logic Levels 
Typ: ECL . 
MC10318CL7 | +1LSB {| 10ns = 52 16-Pin DIP} Bipolar ECL input Logic Levels 
Typ ECL 
MC10318L + V2 LSB 10 ns ~5.2 16-Pin DIP} Bipolar ECL input Logic Levels 
Typ ; | 
MC10318L9 + % LSB 10 ns = 5.2 ° 16-Pin DIP| Bipolar ECL input Logic Levels 
. Typ ECL 
MC3410 + Ye LSB 250 ns +£5.02 15 16-Pin DIP| Bipolar Multiplying 
Typ 
MC3410C +1LSB | 250ns +5.0, -15 ie 16-Pin DIP| Bipolar | Multiplying 
Typ 
MC3510 +¥%LSB| 250ns +5.0, -15 i” 16-Pin DIP| Bipolar __| Multiplying 
Typ 
AD562A + V2 LSB 1.0 us +15, —15 24-Pin DIP| Bipolar Multiplying, includes 
Thin-Film | Applications Resistors 
AD562K + V2 LSB 1.0 ws +15, -15 24-Pin DIP| Bipolar Multiplying, includes 
. Thin-Film | Applications Resistors 
AD562S +V%, LSB 1.0 us AD) SAS 24-Pin DIP| Bipolar Multiplying, includes 
- Thin-Film | Applications Resistors 
AD563J + % LSB 1.2 us 2.5V +5.0, —15 24-Pin DIP} Bipolar Includes Applications 
Thin-Film | Resistors 
12 AD563K -+¥%, LSB 1.2 ws 2.5V +5.0, —15 24-Pin DIP} Bipolar Includes Applications 
Thin-Film | Resistors 
AD563S +% LSB 1.2 us 2.5V +5.0, —15 24-Pin DIP| Bipolar Includes Applications 
Thin-Film | Resistors 
AD563T + V4 LSB 1.2 us 25V +5.0, -—15 24-Pin DIP) Bipolar Includes Applications 
Thin-Film | Resistors 
MC3412 +% LSB 400 ns 10 V +15, ~15 24-Pin DIP| Bipolar High-speed, includes 
Thin-Film | Applications Resistors 
12 MC3512 +%LSB}] 400ns 10 V +15, -15 24-Pin DIP} Bipolar High-speed, includes 
. | . Thin-Film | Applications Resistors 


t Temperature Ranges: 

M @ — Military (—55°C to +125°C) 

| @ —Industrial (—25°C to +85°C) 

| #& — Automotive (—40°C to +85°C) 

| A — Automotive (—40°C to + 125°C). 
C @# —Commercial (0°C to +70°C) 


m 
i?) 
— 


10 


10 


10 


12 


12 


12 


12 


12 


12 


12 


MOTOROLA LINEAR/INTERFACE DEVICES | 


2-18 


Bus interface 


Microprocessor Bus 


This family of devices is designed to extend the limited drive General features include: 
capabilities of today’s standard microprocessors. All devices are @ Single +5.0 V Power Supply Requirement 
fabricated with Schottky TTL technology for high speed. @ Three-State Logic Output 


e@ Low Input Loading — 200 yA Max. 


DATA BUS EXTENDERS 


Quad, Bidirectional, with 3-State Outputs . 


MC8T26A/MC6880A* — Inverting MC8T28/MC6889* — Noninverting 
Receiver Receiver 
Enable Enable V 
Receiver #These devices may be Receiver —4 
—<t-15] Enabl : Enable 
Output <a nea 7 ordered by either of Output 2 4 Input 
' Receiver the paired numbers. 1 Recsiver 
Bus 1/3 14 Bus 1 
Driver Output Print Output 
4 4. 
Input Input 
4 Be eee Both types: sy Bus 4 
Receiver = Driver TA = Oto +75°C Bieheiver Driver 
Output 16 input Output input 
2 E an Packages: 9 : 4 
eceiver Bee eceiver 
Bus 2 | 6| toute L Suffix — Case 620 Bus 2 [6 }o<" Guia 
Driver 3 P Suffix — Case 648 Driver 3 
Input Bus 3 Input Bus 3 
2 | 2 
Driver Driver 
Gnd | 8 | ' Input Gnd (=, 9 Input 
<) 3 


Output Disabled Propagation Delay Time — High to Low or 
Device liH lit Leakage Current — High Logic State Low to High 
Number BA Max | vA Max pA Max ns Max 


MC8T26A/MC6880A 25 — 200 100 14 
MC8T28/MC6889 25 —200 100 17 


M6800 CLOCK GENERATOR A-D/D-A CONVERTERS 


(See Precision Circuits — Data Conversion) 
MC6875/MC6875A — Provides the non-overlapping two-phase + 


clock signals for M6800 MPU systems. — MPU Bus Compatible 
MC6890/MC6890A — Split Supply 


X1 1 Vcc 
X2 2 MPUd¢ 1 
Ext In 3 14 Reset Output 
4x fo 4 MPU¢ 2 
2x fo 5 Power-On Reset 
et Ailes DMA/Ref Grant 
eady Sree ened 
Bus ¢2 7 DMA/Ref Req 
Ground 8 Memory Clock 


MC6875L —Ta = Oto +70°C 
MC6875AL — Ta = —55 to +125°C 


Package: 
L Suffix — Case 620 
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BUS INTERFACE (continued) 


ADDRESS AND CONTROL BUS EXTENDERS 
‘Octal, Buffer/Latch Unidirectional with 3-State Outputs 


_ ordered by either of 
the paired numbers. 


MC3482A/MC6882A* — Inverting #These devices may be MC3482B/MC6882B* — Noninverting 


All types: 
Ta = Oto +75°C 


Packages: 
L Suffix — Case 732 


Volts Max 


MC3482A/MC6882A 0.5 2.4 — 80 8.0 
MC3482B/MC6882B . : 8.0 


Hex, Unidirectional, with 3-State Outputs 


MC8T95/Mc6885* — Noninverting MC8T97/MC6887* — Noninverting. 
MC8T96/MC6886* — Inverting MC8T98/MC6888* — Inverting 
Two-input Enable controls all six buffers. Two Enable inputs, one controlling four buffers and the other con- 


trolling the remaining two buffers. 


Voc Enable 4 Voc 
pars Input A Enable 2 
Input F Output A 4 Input F 
SUEUR Input B Output F 
Inout E All four types: 
ie TA = Oto +75°C © Output B Input E 
Output E Packages: 
L Suffix —Case620 ‘Input C Output E 
P Suffix — Case 648 
Input D . Output C Input D 
Output D Gnd [8 | 19} Output D 
“Add inverter for MC6886/MC8T96. “Add inverter for MC6888/MC8T98. 


VOH 


OL 
@ lo. = 48mA @ lon = —5.2mA los tPLH | tPZH/L(E) 
Volts Max Volts Min mA Typ | ns Typ ns Typ 


pos Tt | 80 | tt 
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BUS INTERFACE (continued) 


Minicomputer Bus . ; me 
Transceivers and receivers for bus organized minicomputers 


employing 120-ohm terminated lines. 


+5.0 V +5.0 V 


180 120 © Data Bus 180 
390 390 
= 1/6 1/4 1/4 = 
MC3437 MC3438 MC3488 


To Computer or Peripherals 
All three devices: 


Ta = Oto +70°C 


Packages: 
HEX RECEIVERS 
= MC3437 
MC3437 — Hysteresis-equipped for improved noise immunity. MC3438 MC3488 
DS8837 equivalent. L Suffix — Case 620 — J Suffix 


P Suffix — Case 648 — N Suffix 


Vcc 
Input 1 
i4\ Output 1 QUAD TRANSCEIVERS 
Open-collector driver outputs allow wire-OR connection. 
Output 2 MC3438 has hysteresis-equipped receiver for improved noise 


immunity. MC3438 is equivalent to the DS8838. 


tPLH(R) 
Hysteresis @ CL = 15 pF 
Volts Min ns Max 


Receiver tPLH(R) 


Hysteresis | @ Ipus= | @ VIH(BUS) @ CL= 
Volts 50 mA = 4.0V 15 pF 
Min Volts Max pA Max 
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BUS INTERFACE (continued) 


Computer Bus 


NEW IBM 360/370 I/O INTERFACE | 


Line Receivers and Drivers designed to operate compatibly. 
The MC75125/MC75127 Seven-Channel Receivers, MC75128/ 
MC75129 Eight-Channel Receivers, and the MC3481/MC3485 
Drivers meet the new IBM System 360/370 I/O GA-22-6974-3 
standard requirements. 


SEVEN-CHANNEL LINE RECEIVERS 


MC75125 MC75127 — Standard Voc and Ground Pinouts. 


1A 1Y 1A 16 Vcc 
2A Voc 2A 1. “FY 
TA = Oto +70°C 
4A 4Y 4A 13 3Y 
5A 5Y Packages: SA 120 4Y 
L Suffix — Case 620 r 
6A 6Y P Suffix — Case 648 6A SY 
7A 7Y 7A 10 6Y 
Gnd 2Y . Gnd g 7Y 
EIGHT-CHANNEL LINE RECEIVERS 
MC75128 — Active-High Strobe MC75129 — Active-Low Strobe 
1S Vcc 1S Voc 
1A 1Y 1A 1Y 
2A 2Y 2A 2Y 
Packages: 
3A 3Y L Suffix — Case 732 3A 3Y 
P Suffix — Case 738 
4A 4Y 4A 4Y 
5A 5 n ; SA BY 
positive logic: Y = AS 
6A 6Y 6A 6Y 
7A 7Y 7A 7¥ 
8A 8Y 8A ' BY 
Gnd 9S Gnd 28 
Input 
Resistance NH(R) PLH 
Device kQ @ VIH = 3.11 V @ Cy = 50 pF 
Number Min/Max mA Max ns Max 
MC75125/75127 


MC75128/75129 
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BUS INTERFACE (continued) 


New IBM 360/370 I/O Interface (continued) 


QUAD LINE DRIVERS 


MC3481 — Open emitter driver with individual fault flags. 


Both types: 


TA = ° 
VEC A = Oto +70°C 


Output D 
Fault Flag D 
Input D 
Enable CD 
Input C 


Fault Flag C 


MC3485 — Open emitter driver with combined open collector 
fault flag and inverted outputs. 


Vcc 


Driver Output D 


Input A Driver Output D 
Enable ABCD Input D 
Fault Flag 
Input B (Open Collector) 
Driver 
Output B Input C 


Driver 
Output B 


Packages: me 
L Suffix — Case 620 Gnd re 9] Driver Output C SP Net Bae Pee ee sy oh _ 


P Suffix — Case 648 


Driver Output C 


OH tPLH 
Device @ IoH = —59.3 mA @ Ci = 100 pF 


Number Volts Min ns Typ 


|_Mc3481/3485 


*Fault Protection 
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BUS INTERFACE (continued) 


Instrumentation Bus 


QUAD INTERFACE TRANSCEIVERS 


| These devices are designed to meet the GPIB bus specification 
! of IEEE Standard 488-1978, for the interconnection of Mea- 
surement Apparatus. 


MC3440AP — Three drivers with com- MC3441AP — Four drivers with com- MC3443AP — Four drivers with com- 


| mon Enable input; one driver without mon Enable input. - mon Enable input; no termination 
| Enable. resistors. 
Output and 
Termination 
Gnd Voc 
Bus A Bus C 
Receiver Receiver 
Output A Output C 
Driver Dri 
13 river 
Input A 13} Input C 
Driver 
Input B Enable E 
Receiver Driver 
Output B Input D 
Receiver 
Bus B 10 
ee Output D 
Logic Gnd 8 Bus D 
MC3446AP — For low-power instruments, MC3448A — For common Send-Receive 
including MOS. bus; bidirectional. 
Receiver Send/Rec. 
Output A Vcc Input A Voc 
Receiver : Send/Rec. 
Bee (2) Output D All types: nae A Input D 
are Ta = Oto +70°C 
Input A Bus D Bus A 4) Data D 
Pull-U 
Enable (4 Driver rashes Bus D 
ae 4 Enable Pull-U 
A Input D Input A-B ul-Up 
Driver Enable 
Input B aw cies Input C-D 
Bus B Driver Data B 
6 | Input Cc 6 | Bus C 
Receiver Send/Rec. 
Output B Bus C Input B Data C 
Receiver Gnd 8 Send/Rec. 
Gnd Output C Input C 
Vcc : 
Packages: 
L Suffix — Case 620 
—¥—O Bus — Indicates Bus P Suffix — Case 648 


Terminations 


Gnd 


Receiver Drive - tPHL 
Input Output Voltage (Driver or 
Device Hysteresis @ lo_ = 48 mA; Receiver) 
Number Volts Max 


MC3440AP 


MC3441AP : 
MC3443AP : 25 (D) 
MC3446AP ; 50 (D) 40 (R) 


MC3448A 17 (D) 23 (R) 
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BUS INTERFACE (continued) 


Instrumentation Bus (continued) 
OCTAL LOW-POWER INTERFACE TRANSCEIVER 


These devices are designed to meet the GPIB bus specifications 
of IEEE Standard 488-1978, for the interconnection of Mea- 
surement Apparatus. 


MC3447 — Open collector, 3-State outputs with terminations. 


S/R Voc 
All types: 
Data 0 Bus 0 Ta = Oto +70 C 
Packages: 
Data 1 ‘Bus 1- . L Suffix — Case 623 
P3 Suffix — Case 724 
Data 2 [4 } Bus 2 (Narrow) 
Data 3 Bus 3 
Vcc 
Data 4 Bus 4 
Data 5 Bus 5 —¥-—© Bus — Indicates Bus 
Terminations 
SIR (5) S/R (1-4) ne 
n 
Data 6 Bus 6 
Receiver Drive tPHL 
Data 7 Bus 7 Input ‘Output Voltage (Driver or 
Device Hysteresis | @ Io_ = 48 mA; Receiver) 
Sf 6) SiR (7) Number mV Min Volts Max ns Max 
mes447 | 400 | 08 | 90 (0) 22.(RY* 
Logic Bus P 
Gnd Gnd Fast Channel. 


HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS 
Devices for industrial control and data communication. 
MC26S10 — Inverting 
MC26S11 — Noninverting 


Quad transceivers with open-collector drivers and PNP-buffered 
inputs for MOS compatibility. 


mang Voc Packages: 
L Suffix — Case 620 
Bus A Bus C P Suffix — Case 648 


Output Output C = 7 
Driver ee loL = 100 mA 0.8 Volts Max 
river 
roa a 100 Ma 
Driver Ses 
Input B Enable 30 »A Max 
Receiver Driver ~ 0.54 mA Max 
Output B L§ Input D 15 ns Max 
MC26S11 19'ns Max 
Receiver Both T 15 ns Max 
Bus B Gutput oth Types 5 
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Memory Interface and Control 


NMOS Memories to TTL Systems 


_ MULTIPLEXED 16-PIN RAM CONTROL 
(For 4K, 16K, and 64K Dynamic Memories) 


MC3480 — Memory Controller. Used with all three levels 
of RAM. | 

The memory controller chip is designed to greatly sim- 
7 plify the interface logic required to control popular 16-pin 
4K, 16K, or 64K dynamic NMOS RAMs in a microproces- 
sor system such as the M6800. The controller will gen- 
erate, on command from the microprocessor, the proper 
RAS and timing signals required to successfully transfer 
data between the microprocessor and the NMOS mem- 
ories. The controller, in conjunction with an oscillator, will 
also generate the necessary signals required to insure 


Signals 


To 
MC3242A 
ignais ; 
ecm Ce SEOGIE Refresh Enable 
MPU 


A12/14 
A13/15 


Address 
= 


MPU RAS 1 
Interface RAS 2 
And RAS 3 
Ref Clik Memory RAS 4 
Ref Grant Refresh Control 
Ref Request Logic Logic. KS 
me RW 
R/AW 


C tt t2 t3 t4 t5 


MC3242A — Designed for multiplexing 14 address lines 
into 7 for the 16-pin multiplexed 16K RAMs, while also 
containing a 7-bit refresh counter. 


Ta = Oto +75°C 


Packages: 
L Suffix — Case 733 
P Suffix — Case 710 


that the dynamic memories are refreshed for the retention 
of data. | 

With Schottky TTL technology for high performance, 
and high input impedance for minimum loading of the MPU 
bus, the MC3480 reduces package count, and reduces 
system access/cycle times by 30%. The chip enable al- 
lows expansion to larger-word capacity. 

Designed to interface directly with MC3242A address/ 
multiplexers/refresh counter. 

The MC3482A or B is recommended for multiplex func- 
tion with 64K RAMs. 


Ta = Oto +70°C 


re ae 7 
we [1 E Voc 
t1 (2 23) MC * 
t2[3 CE 
13 (4 i231] Ref Clk 
14 (5) 20 Ret Request 
tS [6] [19] Ref Grant 
RW In [7] 18) a12/14 
Ref En Out [8] 17] A13/15 
Row En Out [9 F RAS 1 
R/W Out z [1] RASS 
CAS (ii Ha] RASS 
Gnd [12 [13] RAS 4 


Packages: 
L Suffix — Case 623 
P Suffix — Case 649 


MC3242A — 7-Bit (16K RAM) Address Multiplexer/Re- 
fresh Counter . 
MC3482A/B — 8-Bit Address Multiplexer (See Micropro- 
cessor Bus Section) 


- MC3242A 


Refresh 
Enable ° 


Row o 
Enable 


Count o—— 
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MEMORY INTERFACE and CONTROL (continued) 


BUS EXTENSION 
(See Microprocessor Bus) 


Data Bus (Bidirectional) Extenders MC8T97/MC6887 — Hex Noninverting 
MC8T26A/MC6880A — Inverting MC8T98/MC6888 — Hex Inverting 
MC8T28A/MC6889 — Noninverting MC3482A/MC6882A — Octal Inverting 


MC3482B/MC6882B — Octal Noninverting 
Address Bus (Unidirectional) Extenders 
MC8T95/MC6885 — Hex Noninverting 
MC8T96/MC6886 — Hex Inverting 


Magnetic Memories to TTL Systems 


SENSE AMPLIFIERS 


... for Magnetic Tape Memories 


TAPE AMPLIFIER SYSTEM 


1/3 
MC3467 
Pre- 
Amplifier 


Read 
Filters c Amplifier 


<—___——_ mu>4 


Electronic Gain 
Control 


MC3467 — Triple Preamplifier 


Ta = Oto +70°C 


Packages: 
L Suffix — Case 726 
P Suffix — Case 707 
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MEMORY INTERFACE and CONTROL (continued). 


: Magnetic Memories to TTL Systems (continued) 


FLOPPY DISK READ AMPLIFIER SYSTEM 


,, MC3470/MC3470A — Designed as monolithic READ Amplifier 
g Systems for obtaining digital information from floppy disk stor- | Amplifier, 
f age. They are designed to accept the differential ac signal pro- Inputs 


duced by the magnetic head and produce a digital output pulse 
that corresponds to each peak of the input signal. The gain stage 
amplifies the input waveform and applies it to an external filter 
network, enabling the active differentiator and time domain filter 
to produce the desired output. They combine all the active cir- 
cuitry to perform the floppy disk READ amplifier function in one Gnd 
circuit, and are guaranteed to have a maximum peak shift of 

5.0%, adjustable to zero, for the MC3470P and 2.0%, adjustable | One-Shot 


Offset 
Decoupling 


to zero, for the MC3470AP. Components 
One-Shot 
TA = 0to +70°C Components 
Package: 


P Suffix — Case 707 


Pulse | One | “Dp” 


Magnetic 
Gen. | Shot | Flop 


Head | i Filter 


2 ae a 
Gain Peak | Time Domain 
Stage , Detector | Filter 
| 
‘ f ' | ‘ | t) ' | ' 
’ ‘ | 1 ( | § ‘ 
3hgh4 | (26-043 | Bees 
Gain | Differentiator | Mono 1 
Select | Network RC 


Differential Input 


Voltage Gain 
Peak Shift (f = 200 kHz, | Input Common 
(f = 250 kHz, | Vip = 5.0 mV | Mode Range 
Vip = 1.0 Vpp) [ — (5% Max THD) 


Device et noe 
Number <r eo 


MC3470 5.0 80 130 
MC3470A 2.0 100 130 
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| Pulse 
Gen. 


1, 
ab bo 


Mono 2 
RC 


Voce2 


Amplifier 
Outputs 


Active 
Differentiator 
Inputs 


Differentiator 
Components 


Voc1 


Data 
Output 


Digital 
~ Output 


MEMORY INTERFACE and CONTROL (continued) 


Magnetic Memories to TTL Systems (continued) 


FLOPPY DISK WRITE 
CONTROLLER/HEAD DRIVER SYSTEMS 


MC3469P (Straddle Erase) — is designed to provide the entire 
interface between floppy disk heads and the head control and 
write data signals for stradle-erase heads. 

Provisions are made for selecting a range of accurately con- 
trolled write currents and for head selection during both read 
and write operation. Additionally, provisions are included for ex- 
ternally adjusting degauss period and inner/outer track 
compensation. 


R/W1 R/W2 


Toggle 
Select 


Center 
E0 Tap 0 
EO Tap 0 
Et 13[7) Erase 0 
Select Et col 
IRWS Current Enable CTO 
ates 11f_J Erase 1 
CT1 


Head 


Vref ref HS 


MC3471P (Tunnel Erase) — is designed to provide the entire 
interface between the write daia and head control signals and 
the heads (write and erase) for either Tunnel or straddie-erase 
floppy disk systems. Packages: 

Provisions are made for selecting a range of accurately con- MC3469P — Case 648 
trolled write currents and for head selection during both read MC3471P — Case 738 
and write operation. Additonally, provisions are included for ex- 
ternally adjusting degauss period, inner/outer track compensa- Cantar 
tion, and the delay from write gate to erase turn-on and turn-off. VRef 

Erase Delays are controlled by driving the delay inputs D1 
and D2 with standard TTL open-collector logic (microprocessor 


Ta = 0to +70°C 


compatible) or by using the external RC mode in which case the Gnd Pa 
delay is one 7 (K factor = 1.0). Write : 
In addition, a Inhibit output is provided which indicates that Gate Elase.0 
the heads are active during write, degauss, or erase. Write ru 
Data Gnd 
RW1 R/W2 R/W2 | 6] 5] Erase 1 
RW1 Vcc 
IRW Head 
Select 8 Select 


Inhibit D2 


Current 
Select 


VRef IRef WG HS 
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Line Drivers and Receivers . 
for Computer/Terminal Applications 


Voltage Mode 


RS-232C SPECIFICATION 


DRIVER RECEIVERS 


MC1488 — Quad; output current limiting. MC1489 — Quad; 0.25 V input hysteresis. 
MC1489A — Quad; 1.1 V input hysteresis. 


Input A 


Response 
Control A 


Response 


Both devices: Control D 
Ta = Oto +75°C 


Package: Response 
L Suffix — Case 632 Control B 
P Suffix — Case 646 Response 
Control C 


tPHL 
@ Vcc’/VEE = @ Vec’'VEE = PHL Device Input ViHL Input ViLH | @ RL = 3900 
+9.0V +9.0 V Number Volts Volts ns Max 
Volts Min Volts: Mit. MC1489 1.01015 | 0.7510 1.25 50 
| 60S { 60s + 6.0 to 12 MC1489A_ | 1.75to0 2.25 | 0.75 to 1.25 50 
RS-422/423 SPECIFICATION 
RECEIVERS 


MC3486 — Quad; three-state outputs and input hysteresis, AM26LS32 — Quad; three-state outputs and 
RS-422/423 input hysteresis 


Inputs A | 
2 


Inputs B 
Output A 


Output A/C 4 


Control Output B 


Output B/D 
Output C Control 


| 6 | Output D 
Inputs C Both devices: 


Packages: 
L Suffix — Case 620 


Ta = Oto +70°C 
Inputs D 
P Suffix — Case 648 
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LINE DRIVERS AND RECEIVERS FOR COMPUTER/TERMINAL APPLICATIONS 


(continued) 


RS-422/423 Specification (continued) 


MC3487 — Quad; three-state outputs, RS-422 


DRIVERS 


Both devices: 


AM26LS31 — Quad; three-state outputs, RS-422 


oo ee 
a Ta = 0 to +70°C es 
Input A [4 16) Voc Input A [1 8) Voc 
Packages: 2d 
3] Input ~—L Sufix — Case 620 2 rere 
Channel A P Suffix — Case 648 Outputs al 
Outputs 
14] Channel D it 3 
—— Outputs pues _ utoputs 
AJB Control 13] Enable 
Channel B 12} C/D Control ‘ 7 Enable 
Outputs uipuls 
1 
Channel C 
ao Outputs _ 7 Outputs C 
Input B 0 Input B 
Gnd o Tg] Input C Gnd ral Input C 


VOH VOL Vop (Differential) 
Device @ loH = -—20mA| @ioL_ = 48 mA @ Rx = 100 tpLH & tpHL 
Number Volts Min Volts Max Volts Min ns Max 


“Not guaranteed. 


MC3488A (1A9636A) — Dual; RS-423/232C with adjustable 
slew rate. 


Ta = Oto +70°C 


Packages: P1 Suffix — Case 626 
U Suffix — Case 693 
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LINE DRIVERS AND RECEIVERS FOR COMPUTER/TERMINAL APPLICATIONS 


(continued) 


RS-449/485 SPECIFICATION (PARTY LINE) 


The SN75172/SN75174 are monolithic quad differential line drivers with three-state outputs. 


SN75172 
Input A 116} Vcc 
Input D 
Outputs A 
Outputs D 
Enable 
Enable 
Outputs B 
Outputs C 
Input B 
Gnd Input C 


TRUTH TABLE 


Control 
Inputs Noninverting inverting 
(E/E) — —_ 


H/L 
H/L 
L/H : : 


Low Logic State 

High Logic State 

Irrelevant 

Third-State (High Impedance) 


N X< ZI fT 


SN75174 
Input A 116} VCC 
Input D 
Outputs A 
Outputs D 
A/B Control 
C/D Control 
Outputs B 
Outputs C 
Input B 
Gnd Input C 


TRUTH TABLE 


Noninverting 
Output 


H H H 
L H L 
X L Z 


L = Low Logic State 

H = High Logic State 

X = Irrelevant 

Z = Third-State (High Impedance) 


Ta = Oto +70°C 


Packages: 


L Suffix — Case 620 | 
P Suffix — Case 648 
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LINE DRIVERS AND RECEIVERS FOR COMPUTER/TERMINAL APPLICATIONS. 


(continued 


RS-449/485 SPECIFICATION (PARTY LINE) (continued) 
RECEIVERS 


The SN75173/SN75175 are monolithic quad differential line receivers with three-state outputs. 


SN75173 SN75175 


Vcc 
Inputs 
Input A A 
. Inputs 
Output A OutputA | 3 | i 
3-State 
3-State 
Control! 
Control tr Butpur.B 
3-State Control 
Output C | 5| SEDANS Output C 51D 
Inputs Output D 
Inputs C C 
Inputs 
GND [a] GND [8) ad 
FUNCTION TABLE (EACH RECEIVER) FUNCTION TABLE (EACH RECEIVER) 


Differential Inputs Output 
A-B |G G|_y | 
Xx 
xX 
L 


Vip 20.2 V 


xr xt 


H = high level 

L = low level 

X = irrelevant 

? = indeterminate 
Z = high-impedance (off) 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-33 


LINE DRIVERS AND RECEIVERS FOR COMPUTER'T ERMINAL APPLICATIONS 
(continued) 


Differential Current Mode 


| DRIVERS | RECEIVERS 
| MC75S110 — Dual; industry standard. MC75107/MC55107 — Dual; active pullup output. 
. MC75108/MC55108 — Dual; open-collector output. 
Inhibit 
Input Inputs Output Strobe 
ee ee Veeco: Sa Vcc VEE 2A 2B NC 2. 2G 
(MC75xxx) 7 
—55 to +125°C | 
(MC55xxx) |p 
Packages: 


L Suffix — Case 632 
P Suffix — Case 646 


it 
0 


(MC75xxx only) 
i 
| 
1A 18 1C 2C 2A 2B Gnd Inputs NC Output Strobe Strobe Gnd 
Logic Inhibit Logic ; ; " 
1A 1B 1Y 1G S) 
Inputs Inputs Inputs 
MC3453 — Quad: common inhibit input; current sink ap- MC3450 — Quad; active pullup outputs; common three- 
proximately 12 mA. state enable. 


MC3452 — Quad; open-collector outputs. 


Input A Voc Inputs VCC. 
Y Input B A + = 
Output A Inputs 
Z Y Output A H4j+ 6B 
Output B 
Z Z All three devices: Strobe | 4 Output C 
Output C Ta = Oto +70°C 
Y Z } Output C VEE 
Packages: 
3 pupure L Suffix — Case 620 
+ 
Inhibit [6] [6 11) Y P Suffix — Case 648 nls Output D 
Input C [71 Input D “7 ss Inputs 
D 
Gnd [81 '9] Vee Gnd 8] [9 |— 


ALL RECEIVERS 


NL 
Input Vip @ hh = 2.0V| @ Vip = -2.0V tPLH 
mV Max pA Max ue Max ae Max 


BB 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-34 


Numeric Display 


Interface 


... for mating multiplexed LED or gas discharge numeric dis- 


plays to MOS or TTL logic systems. 


Gas Discharge Drivers 


MC3491 — Eight segment cathode drivers with programmable 


current. 


Programming 


Current 

Input 1 Output 2 
Input 2 Output 3 
Input 3 Output 4 
Input 4 Output 5 
Input 5 | 6| Output 6 
Input 6 Output 7 
Input 7 | 8 Output 8 


Package: L Suffix — Case 726 


All Devices: 
Ta = Oto +70°C 


Current 


Substrate (Gnd) 


Output Voltage 


Output Breakdown Deviation Compliance 
Device ON Current Voltage (All 8 Outputs) Range 
Number mA Max Volts Min % Max Voits 


wosar | es fo | 


5.0 to 50 


gn eee 
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Peripheral Interface 


Driver Arrays 


ULN2068* — Quad 1.5 A, Voge = 50 V Max 


“Other members of series available. Contact Motorola Sales Office. 


Both devices: 


ULN2074* — Quad 1.5 A, VcgE = 50 V Max TA = 0 to +70°C 
. ; Package: 
B Suffix — Case 648C 


MC1411 Series/ULN2001 Series 
... Seven Darlington transistors with output clamp diodes. 


MC1411/ULN2001 General Purpose | Basic 

MC1412/ULN2002 14-25 VPMOS_ | Zener and Series 10.5 Ta = Oto +85°C 
: kQ resistor 

MC1413/ULN2003 5.0 V CMOS or Series 2.7 kQ resistor Packages: 


TTL L Suffix — Case 620 
MC1416/ULN2004 8-18 V MOS Series 10.5 kQ resistor P Suffix — Case 648 
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PERIPHERAL INTERFACE (continued) 


Driver Arrays (continued) 


ULN2801,2,3,4 
ULN2803 — Octal Darlington Arrays 


Ic = 500 mA 
VceE = 50 V Max 
Ta = Oto +70°C 
Package: 
A Suffix — Case 726 


Characteristics 


Input Vce(Max)/ 
Compatibility Ic(Max) TA 


ULN2801A | General Purpose CMOS, [50 V/500 mA/ 0 to + 70°C 
PMOS . 

ULN2802A | 14-25 Volt PMOS 

ULN2803A | TTL, 5.0 V CMOS 50 V/500 mA| 0 to + 70°C 

ULN2804A | 6-15 V CMOS, PMOS 50 V/500 mA| 0 to + 70°C 


Dual Driver 


... for relays, lamps, and other peripherals requiring more power 
than generally available from logic gates. 


MC1472 


Ta = 0to +70°C 


Packages: 
P1 Suffix — Case 626 
U Suffix — Case 693 


V(BR)CER = 70 V 
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“GR wheteS ere lind aie, AN WE eeeieere wey cen ude BO we ES oe 


Telecommunications 


Motorola offers the broadest product line with the widest se- systems. The range of processes encompasses high density 
lection of telecommunications integrated circuits in the industry, digital CMOS, high and low voltage linear bipolar, and laser trim. 
including products for station set, switching and transmission A wide variety of package options are available. 


|__Funetion | _Device__| Description 
CODEC -MC14407.._ | PCM CODEC, D3 Format — on fi 
Complete MC3401 1 Telephone Chip with DTMF, naa Speech Network 
Telephone Circuit Mer010 0 


Telephone el with DIME a ell Network MPU interlace dines 
Crosspoint “hnalan CGR: Tae ae 3 = 


Switches 


| 4 x4 xT ane. Switch 
“}4x% 4x2 Analog Switch = 


CVSD MC3417 Continuously Variable Sisoe Delta Moduletcr/Demodulatar 
MC3418 Continuously Variable Slope Delta Modulator/Demodulator 


Dialers -MG14408. =| Binary-to-Pulse Converter Subsystem 
MC14409__ | | Binary-to-Pulse Converter eevee 
.MC14410 | 2-0f-8 Tone Encoder = 
— MC14419 © | 2-0F8 Keypad-to- Binary. Encoder 70 
| *MC34015 “2-08- 8 DTMF Encoder i. 
_MG34013 ___| DTMF Encoder with Speech Network 
Filters —MC14413 0 PCM Filter with Transmit Bandpass: and RCV [omnes © 
MC14414 PCM Filter with Transmit and RCV imate? 
Modems 
_MC6173.__ a 
~~ | PCM CODECFFilter 


MC145414 | Dual Tuneable Lowpass Filter 
-MC145415:. * . | Dual Lowpass Filter-Linear Phase. 
~MC145431 Tuneable Lowpass/Bandpass Filter. - 
“-MC145433.0°- Tuneable Notch/Bandpass Filter . 
Monocircuit a MC1 4401 
| mci4405.——s |. PCM CODEC Filter _ 
Ringers MC3401 2 
MC34017 
SLIC MC3419 
MC3419-1L 


MC145440 --—s«'||:: 300 Baud Modem Filter-Bell"103 
Voice/Data : 45420. | Fo sss aie igit 
So iC 45429 ae Audio: Pr inate = 


MC145441-—'| 300 BaudModem Filter-CCITT V.21 
MC145432 _. | Tuneable Notch/Bandpass Fiter | 
*To Be Introduced. 
£.7 Devices in shaded area — refer to Motorola High-Speed CMOS Logic Data. 


~-MC14411 > Bit Rate Generator 
MC14412° Universal Low-Speech (0- 600BPS) 
~-MC145440 | 300 Baud Modem Filter-Bell 103° 
~MC145441 300 Baud Modem Filter-CCITT V. 21 | 

_ MC145445" | 300 Baud Digital Modem Sk 
1200 Baud Digital Videotext Modem _ 


» MC145450 
~ MC6860 0-600 BPS Digital Modem 
~-MC6172 1200/2400 BPS. Digital Modulator 


| 1200/2400 BPS Digital Demodulator 


7 PCM CODECIFiter a pe 


Telephone Tone finger 
Telephone Tone Ringer with Push- Pull Output 


Subscriber Loop Interface Circuit 
Subscriber Loop Interface Circuit 
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Circuits for Consumer and Automotive Applications 


... reflecting Motorola’s continuing commitment to semiconductor products necessary for consumer system designs. 
This tabulation is arranged to simplify first-order selection of consumer integrated circuit devices that satisfy the primary 
functions for Television, Audio, Radio, TV Games, Cordless Telephone, Automotive and Organ Applications. 


Consumer Circuits 


Television Subsystems 


Function Features Device 
MONOMAX — 1-Chip TV Video IF, Detector, AGC, Video Amplifier, Horizontal Processor, MC13001 
Vertical Processor, and Sync For 525 Line Systems 
Same as Above Except For 625 Line Systems MC13002 
Sound IF, Low Pass Filter, Complete TV Sound System; 100 pV, 3 dB Limiting Sensitivity; 648C TDA3190P — 
Detector, dc Volume Control, 4 Watts Output; Vcc = 24V; RE = 160 
Preamplifier, Power Amplifier | same as TDA1190Z Except for 750 mW Output 648C TDA1190P 


Video . 
1st and 2nd Video IF Amplifier | IF Gain @ 45 MHz = 60 dB typ, AGC Range = 70 dB min MC1349 


IF Gain @ 45 MHz = 50 dB typ, AGC Range = 60 dB min 6 MC1350 


26 
26 
1st and 2nd Video IF, AGC Keyer | IF Gain @ 45 MHz = 53 dB typ, AGC Range = 75 dB min, 646 MC1352 
and Amplifier “Forward AGC” Provided for Tuner 
26 


3rd IF, Video Detector, Video Low-Level Detection, Low Harmonic Generation, Zero Signal 6 MC1330A1 
Buffer, and AFC Buffer de Output Voltage of 7.0 to 8.2 V | 
Same as MC1330A1 Except Zero Signal dc Output Voltage of 626 MC1330A2 
7.8 to 9.0 V . 
SAW Preamp, IF Amplifier, Complete Video IF or Parallel Sound IF System Complete AFT 707 MC13010 
Detector, AGC, AFC System with Simple Quadrature Detector 


Chroma 


Chroma Demodulator 


Coior Processor 


Color Processor 
Color Processor 


Deflection 
Horizontal Processor Linear Balanced Phase Detector, Oscillator and Predriver, MC1391 
Adjustable dc Loop Gain, Adjustable Duty Cycle 


Same as MC1391 except designed to accept negative Flyback MC1394 
Input Pulse 
Sound 


Sound IF Detector Interchangeable with ULN2111A | 646 | C1387 
Sound IF Detector, dc Volume Excellent AMR, Interchangeable with CA3065 | 646 MC1358 
Conte nhream piney 30 V, 3.0 dB Limiting, Excellent AMR | 646 | ~—- TBA120C 


Sound IF, Low Pass Filter, Complete TV Sound System; 100 pV, 3 dB Limiting 648C 


Detector, dc Volume Control, Sensitivity; 4 Watts Output; Vcc = 24V; RL = 162 
Preamplifier 750 mW Output 645C TDA1190P 


Stereo Balance, Volume, Bass, Treble Control TCA5550 


711 TDA3301 _ 
TDA3303 


Dual Doubly Balanced Demodulator with RGB Matrix and 
PAL Switch 


PAL/NTSC Input, RGB Output, also RGB Inputs, Plus Fast 
Blanking Input. Ideal for Text, Graphics, Overlays 


PAL/NTSC Input, RGB Outputs, on-Chip Hue Control 
PAL/NTSC Input, Color Difference Outputs on-Chip Hue Control 


TDA3190P 


Stereo Sound Control System 
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tA A 0D 0h SPEER wt OH 


5 A ao + 


; Interface Between Synthesizer and Tuner MC2801 


Modulators 


Function Features ase | vice 
Color TV Video Modulator Chroma Oscillator and Clock Driver, Lead and Lag Network, MC1372 
. Chroma Modulator, RF Oscillator, and Modulator 
RF Oscillator and /RF Oscillator and Modulator |RF Oscillator andModulator ——ss—‘“‘(lS(téi Cd MC1373 


TV Modulator (Hi Quality) RF Oscillator‘’Modulator, and FM Sound Oscillator’ Modulator | 646 | MC1374 
FM Modulator FM Oscillator and Modulator 1.4 MHz to 14 MHz Applications — _MC1376 


RGB to PAL. NTSC Encoder RGB and Sync Inputs, Composite Video Out — PAL/NTSC MC1377 
Switch Selectable 


Tu ning System Circuits 


| Case | Device | 


Two Modulus Prescaler Divide-by-15 and 16. Toggle Frequency = 140 MHz - MC3393 
Divide-by-20 Prescaler 200 MHz Toggle Frequency MC3396 
Remote Control Amplifier Infrared Diode Signal Amplifier Shaper MC3373 


bpm 


2 as a aa a aa HB 
Tea | merase 


Limiting IF Amplifier‘Quad 1-70 ee 
Detector 
Wideband FSK Receiver 10.7 fsa 
Oscillator/Mixer, FM, IF Detector, 200* 

Meter Drive, Data Shaper 

Low-Power FM-IF for Dual 200: 350* MC3357 
Conversion Scanning Receivers 10.7* 

Narrow Band FM, Oscillator Mixer = = 700* MC3359 
IF, AFT, eee 

oF . 


FM Stereo Decoders 


Channel Stereo/Indicator 
Separation | THD Lamp Driver 
dB Typ % Typ mA Max 
FM Multiplex Stereo Decoder 41 0.1 Low Vcc Automotive MC1309 
Coiless Operation 
PLL Designs 41 0.1 75 High Input Signal MC1310 
Handling 
62 0.1 100 Low Signal Blend TCA4500A 
for Noise Reduction 
0.2 150 Power Supply pA758A 
Ripple Resection 
AM Stereo Decoder 


IF Amplifiers — Radio 


Recovered 
Audio Output 


Recommended 


Frequency | 3 dB Limiting Af = +75 kHz 
IF MHz @ 10.7 MHz + 
RF* pV (RMS) Typ| dB Typ | mV (RMS) 


| Case | Device 


CQUAM2? AM Stereo Decoder Monaural/Stereo AM Detector, Indicator MC13020 


Attenuators 


Attenuation 
Range 


Vcc 
Range THD 
eeCe % ae dB aie dB Typ 
[Electronic Attenuator =| (9.018 13 | 0 || mic3340 | 
Stereo, Volume, Bass, Treble, Balance 8.5-18 ————— TCA5550 
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Audio 


@ rated P9 
Features mV Typ 


Class B Audio Driver | sof totes || Mc3320 
ps2 to ||| Miczazt 


Transistor Arrays 


VCEO VcBOo VEBO 
Volts Max | Volts Max Volts Max Device 
One Differentially Connected Pair and Three 15 20 MC3346 
Isolated Transistors MC3386 
Dual Independent Differential Amplifiers with 20 CA3054 
Associated Constant Current Transistors 
= ee ee 


Three Differentially Connected Pairs MC3350 


Automotive Circuits 


Voltage Regulator 


Features 


Automotive Voltage Regulator Designed for use with NPN Darlington, Overvoltage 
Protection; “Open Sense” Shut Down; Selectable 
Temperature Coefficient for Use in a Floating Field 
Alternator Charging System 


Electronic Ignition 
Electronic Ignition Circuit 


Designed for Use in High Energy Variable Dwell Electronic 
Ignition Systems with Variable Reluctance Sensors. Dwell and 
Spark Energy are Externally Adjustable 


Flip-Chip Electronic Same as MC3334 MCCF3334 
Ignition Circuit 
Special Function — Automotive 
Programmable Frequency Switch} Wide Input Frequency Range (10 Hz to 100 kHz) 646, 632 MC3344 
(Engine RPM Switch) Adjustable Hysteresis 
Wide Supply Operating Range (7 to 24 V) 
Injector Driver Power Driver for Automotive Fuel Injection Systems, 314B MC3484 
Reduced Hold Current 


Package Styles 


Lead 
Configuration 


14 
1 1 

[cee —“‘;éSOOOOOC(C*#UC(OMMB Ole =|) losz |S 

Suffix after Type Number pope | ot | Pp | P| 


28 40 
16 18 — EBA ANAAAADA 24 
Lead eased meee 7 vuvurey : ee 
Configuration is 1 1 1 1 
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Amplifiers 


Device 


LF347 
LF351 
LF353 
LF355 
LF356 
LF357 
LM11,C,CL. 
LM101A 
LM108,A 
LM124 
LM148 
LM158 
LM201A 
LM208,A 
LM224 
LM248 
LM258 
LM301A 
LM307 
LM308,A 
LM324 
LM348 
LM358 
LM2900 
LM2902 
LM2904 
LM3900 
MC1436,C 
MC 1437 
MC1438R 
MC1439 
MC 1445 


_ MC1454G 


MC1456,C 
MC1458,C,N 
MC1458S 
MC1536 
MC1537 
MC1538R 
MC 1539 

MC 1545 
MC1554G 
MC1556 
MC1558,N 
MC1558S 
MC1590 
MC1709,A,C 
MC1733,C 
MC1741,C,N,NC 


-MC1741S,SC 


MC1747,C 
MC1748,C 
MC1776,C 
MC3301 
MC3303 


AMPLIFIERS 


Function | a: co | Page 
Family of BIFET Operational Amplifiers... eeeeeeeeeeeees adie ateaualeaaemiccens 3-4 
Family of BIFET Operational Amplifiers .............cccccecsessecseesecssecssscsevssecssseesassenes 3-4 
Family of BIFET Operational Amplifiers 0.0.0... ccc eet O04 
Monolithic JFET Operational Amplifier ..............00ccccccsssssssssesssessrsssstsestsersss O26 
Monolithic JFET Operational Amplifier .............ccccccccccssscsseesssesenseserseeeeeees Se iesean. 3-6 
Monolithic JFET Operational Amplifier ...........c.ccccccscsssscesssnscesessecesesecstesscecesseenaas 3-6 
Precision Operational Amplifiers ...............00. alc caaha ties ela teceaston, su tuariatec eee teats 3-16 
General Purpose Adjustable Operational Amplifier .......00...ccccesscesessseeeesteeeees dake 3-23 
Precision Operational AMplifierS ..........cc::cccccsssssecsssesteneeeseeseesenees scteantaeadiayitaasaeatndas 3-27 
Quad Low-Power Operational Amplifier ............ccc:ceeceeens NM diacdgoiatentnaieiaiatecocoeaes 3-32 
Quad MC1741 Operational Amplifier .........cc ccc icccesssseccessscesseeseesscesscssueeesessaees 3-38 

- Dual Low-Power Operational Amplifier ............cccccccccsccssccsssscsssssesesseeeserreeereesaes we 8-44 
General Purpose Adjustable Operational Amplifier .......00..cc.ccccssssesseseessseceeeessrees 3-23 
Precision Operational AMPIifiers ...........cceccccessseccsssesesseeserssesersesesesseesetsuecerecstanesens 3-27 
Quad Low-Power Operational Amplifiers .....0....cccccccesssssseeecesseees Pvaieictena toes 3-32 
Quad MC1741 Operational Amplifier oo... ccc ccesesessecssssecenseccestseeesessaeeessensney 3-38 
Dual Low-Power Operational Amplifier ...........ccccccccccccccsssssssecsssccesseeeesenreeesersaneeess 3-44 
General Purpose Adjustable Operational Amplifier ........0....cccccecscssssscesessssseeeeesees 3-23 
Internally Compensated Monolithic Operational Amplifier .......0...ccceescceseeeseeeees 3-50 
Precision Operational AMPpIifierS ..:........ccccccccsssecccssseesessccceeeessesecensusesevecstsuaeeseeeres 3-27 
Quad Low-Power Operational Amplifier ........0...ccccccccccssssecssssecesssesssteeessentneeseenes 3-32 
Quad MC1741 Operational Amplifier .......0.cc ccc cccscesscccscessecsecssssstssesssessresecssneenens 3-38 
Dual Low-Power Operational Amplifier ...........cc:cccccccccccsscsselscssssessssesceessecesestareeens 3-44 
Quad Single-Supply Operational Amplifier .......0...c..ccccccceeseccsecessecssereeecsseeeenneess 3-152 
Quad Low-Power Operational Amplifier ...........ccccccccccscccsscssecssecsescssscesesesssesenseeeeany 3-32 
Dual Low-Power Operational Amplifier .............ccccccccccsssccsssccsssscsseccnsesennerseteseeenas 3-44 
Quad Single-Supply Operational Amplifier ...............ccccccccscccssscscsseseentseesesstaeesseeas 3-152 
High-Voltage Operational Amplifier ............ccccccccssccssecssssessscssecssssessesssesensesesereeeaees 3-54 
Dual Operational Amplifier ..............c:cccscccssescssecesssecsssccsssecsssevessesseseveteensneeeventeeeens 3-58 
POW El SBOOSIOD  diduccscteneth srcnsis acute ca dnenvasiencadieatiageraudtuns okaetouth inceiyses ae nad aatonenansch did 3-62 
High-Slew-Rate Operational Amplifier ...............cccccccsccssscsessccessecessessnseesentreseeeneeess 3-68 
WIGS DANG “AINTG ts its:svcccasusetesenseveares cael viva nyt ieeavleatessicedwoluasasesnadsaeaecetaestnadtundtleecdst 3-76 
L=WAtl POWGE AMPINGT eis25: coorsinsd scaastnrs'eccuanntslvtwadssdonadimersdantedeacsoeatandatveamnetevedaeeastses 3-82 
High-Performance Operational Amplifier ...............cccccccccccsecesssessersssseseeecsesttecerenans 3-86 
Dual Operational AMPplifiers ............ccccccsccsscccsssecsssccssesesscessessesessnesevsseesetaresenatens 3-92 
High-Slew-Rate Dual Operational Amplifier ............... ris duneeaese ace sttnanusaleen accep whee eces 3-97 
High-Voltage Operational Amplifiers .............ccccccssccsssecssscecssecssseccssseesnecssnteeeess a. 3-54 
Dual Operational Amplifier ..............cccccccscsceesesesseeeeees i geecsecset av pcemate aaa eee 3-58 

POWEE BOOSIOM sucarsatenacitucanstsitrans nesccwedationonisin atalts daaten ti oieancastysistietl dusigatusnansounnieiaates 3-62 
High-Slew-Rate Operational Amplifier .............0cccccccccsccsesseccesscceessseessteceseeeesteeesees 3-68 
WIGEDANC AIMPUMGD ssicaicstesintach ace seus nadecaracavoacaatuartenemenaerareniutsdadanseydieds ooual 3-76 
1-Watt Power Amplifier ............ccccccccesecsseeeseesesens pissy heuGiidenedicancc ler tcate annie miselet: 3-82 
High-Performance Operational Amplifier .............ccccccccsccssssccssrscseserecsestsesessenaeecens 3-86 
Low-Noise Dual Operational Amplifier .............cccccccsccssssssceesesseecesessevstesseaseneesess 3-92 
High-Slew-Rate Dual Operational Amplifier... ee eh siateeaeh var oisenue tities 3-97 
Wideband Amplifier with AGC .........ccccccccsccccssssscecesssesceesessevecaeececsenseceesecensstaanees 3-103 
General-Purpose Operational Amplifier ..............ccccccccccccsssscssscssccssscensssesseseseesenses 3-112 
Differential Video Amplifier ...........c.ccccccsccccscssscssscescesessrecesssessesssescesaeecsecesseessueess 3-116 
General-Purpose Operational Amplifier ............ccccccccssscccsssecessscesesseceesesseeeesseenes 3-124 
High-Slew-Rate Operational Amplifier .............c:cccccscccsseseesscecesseeescsnsesessusseeseaaeess . 3-129 
Dual MC1741 Operational Amplifier ..............cccccccsccccssccssccensessseeevesersteeevecaueeeenes 3-135 
General-Purpose Operational Amplifier ..............cccccccccccscscssscsscsseccssesssessnresseasersanes 3-139 
Programmable Operational Amplifier ........0..c.cccccssccscesssesseseseeeeeeeees Sedtanactasetakns 63-143 
Quad Operational Amplifier oo... scdamstassnneen rate NOER LN Ads theta Nats 2 3-152 
Quad Differential-Input Operational Amplifier .....0...cccccccceeeeesesscceeeerecsesteeceseens 3-162 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-2 


Device Function | Page 


MC3358 Dual Low-Power Operational Amplifier ...........ccccccsccscssereeeeeeeeeeesssaseeeeesenueessuanaeenas 3-176 
MC3401 Quad Operational AMIplitien .ccossieccigeescesgucepesietuadtutian cadavwaedtasupsenareadeaind asbutestatas 3-152 
MC3403 Quad Differential-Input Operational AMplifier .......... cc ceeeeneentteeeeeeeesseeeaeeeeneeenes 3-162 
MC3405 Dual Operational Amplifier plus Dual Voltage Comparator ....... cc ceceeeeeeeeeeees 3-168 
MC3458 Dual Low-Power Operational AMplifier ...........cecesseeeeeeeeeesssteeeeensssaesseeeseseneeseneas 3-176 
MC3476 Programmable Operational AMplifier oo... ccsseeeeeerseeeeees Eide mueaee tne sa teesueanas 3-182 
MC3503 Quad Differential-Input Operational Amplifier 0.0... eeeeeeteeeeeeeetrseseeeeneeeees 3-162 
MC3505 Dual Operational Amplifier plus Dual Voltage Comparator oo... ice ecesseeeeeerees 3-168 
MC3558 Dual Low-Power Operational AMplifier .............ccscscceeeeessesneeeeeeessseesesseseeseneeeaaaes 3-176 
MC4558,AC,C,N,NC Dual High-Frequency Operational AMplifier .....0... cc eecceecssseersseeesseesereereeeeeeenaes 3-187 
MC4741,C Quad MC1741 Operational AMplifier ...........ccccccccescseesescsseeeeseeseeeeetneeeneeeieeenees 3-191 
MC33074,A Quad High-Performance Single Supply Operational Amplifiers ............eeeeeeees 3-204 
MC33084,A Quad High-Speed JFET Input Operational Amplifiers... ec ceeesseeeeesteeeeeees 3-220 
MC33085,A Quad High-Speed JFET Input Operational Amplifiers oo... eseseeseeeeeetreeeens 3-221 
MC34001 JFET-Input Operational AMPINGIS  ssceisicinctcecunssies auctonctoiiedaendssauniarmendenatbeniganonstrines 3-197 
MC34002 JFET-Input: Operational AMputiers isc: ssevejsasieinaccvacacavusecaenvistiveninuieadcosearienmseaueers 3-197 
MC34004 JFET-Ihiput: Operational AMPUHGIS. 25 csctisocsiattsadaneyenanopsses ein acdddsneebuacnmeraanscsen yale 3-197 
MC34074,A Quad High-Performance Single Supply Operational Amplifiers ...............::cceeeee 3-204 
MC34084,A Quad High-Speed JFET Input Operational Amplifiers ...........cseessesreeeeees Aniasnes 3-220 
MC34085,A Quad High-Speed Decompensated (Ayc_L = 2) JFET Input Operational 

PANDO NS icy checkin oo ctsahicee Saase canal Svaregst neste ewctinoumdactennaautdenp bacnndenn teaaaoninseapasalaneasanrte 3-221 
MC35001 JPET-Input-Operational: AMPIGS wiccccvictiesiowscencssnnviysss sats cianiamnmacdsaeidevansessoawndedecneet 3-197 
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(AA) MOTOROLA 


FAMILY OF BIFET 


OPERATIONAL AMPLIFIERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


JFET INPUT OPERATIONAL AMPLIFIERS 


These low-cost JFET input operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic inte- 
grated circuit. Each internally compensated operational amplifier 
has well matched high voltage JFET input devices for low input 
offset voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset cur- 
rents, and supply currents. 

These devices are available in single, dual and quad operational 
amplifiers which are pin-compatible with the industry standard 
MC1741, MC1458, and the MC3403/LM324 bipolar devices. 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 
(LF351, LF353 only) 


>} Output LF351 
Offset Null (Top View) 


Input Offset Voltage of 5.0 mV Max (LF347B) 


Low Input Bias Current - 50 pA LF353 


(Top View) 
Low Input Noise Voltage — 16 nV/V Hz 


Wide Gain Bandwidth — 4.0 MHz 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 
(LF347 only) 


High Slew Rate - 13 V/us 
Low Supply Current — 1.8 mA per Amplifier 
High Input Impedance - 1012 © 


High Common-Mode and Supply Voltage Rejection 
Ratios — 100 dB 


MAXIMUM a 


Symbot [Value Unit 
VEE =18 
Differential input Voltage ——=SSS~*dtCSCi SYS) 
Input Voltage Range (Note 1) ——SSS*dYSC | 
Output Short Circuit Duration (Note 2) ae. Deonnacie | 
Power Dissipation at Ta = + 25°C | g00 | mw 
Derate above IAS = +25°C a | 10 | mwec | 
Po | -c | 
se 
65 to +150) 


NOTES: 
1. Unless otherwise specified, the absolute maximum negative input voltage is 
limited to the negative power supply. 


(Top View) 


ORDERING INFORMATION 


Op Amp 

Function Package 
LF351N Plastic DIP 
LF353N Plastic DIP 


LF347BN Plastic DIP 
LF347N Plastic DIP 


NOTES: (continued) 
3. Input bias currents of JFET input op amps approxi- 


= g 


2. Any amplifier output can be shorted to ground indefinitely. However, if more mately double for every 10°C rise in junction temperature. 
than one amplifier output is shorted simultaneously, maximum junction temperature To maintain junction temperatures as close to ambient as 
ratings may be exceeded. is possible, pulse techniques are utilized during test. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-4 


LF347, LF351, LF353 


ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = -15V, Ta = 25°C unless otherwise noted). 


LF347B LF347, LF351, LF353 


Input Offset Voltage (Rs < 10 k, Vcm = 9) 

Ta = +28°C 
o°c <= Ta = +70°C 
Average Temperature Coefficient of Input Offset 


Voltage 
Rs < 10k, 0°°C < Ta <= +70°C 


Input Offset Current (Vc = 0, Note 3) 
Ta = +25°C 
oc < Ta = +70°C 
Input Bias Current (Vcy = 0, Note 3) 
Ta = +258°C 
orc < Ta = +70°C 


Input Resistance 


Common Mode Input Voltage Range 


Large-Signal Voltage Gain (Vo = +10 V, Ry = 2.0 k) 
Ta = +25°C 
o°C < Ta < +70°C 


Output Voltage Swing (RL = 10 k) 


Common Mode Rejection Ratio (Rs < 10 k) 


Supply Voltage Rejection Ratio (Rg < 10 k) 


Supply Current 


Slew Rate (Ay = +1) 


Gain-Bandwidth Product 


Equivalent Input Noise Voltage 
(Rg = 100 9, f = 1000 Hz) 


Equivalent Input Noise Current (f = 1000 Hz) 


For Typical Characteristic Performance Curves, refer to MC34001/34002/34004 data sheet. 


eee 
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LF355, LF356, 
LF357* LF355B, 


LF356B, LF357B* 


Specifications and Applications 
‘ Information 


MONOLITHIC JFET INPUT 
OPERATIONAL AMPLIFIERS 


These internally compensated operational amplifiers incorporate 
highly matched JFET devices on the same chip with standard 
bipolar transistors. The JFET devices enhance the input charac- 
teristics of these operational amplifiers by more than an order 
of magnitude over conventional amplifiers. 

This series of op amps combines the low current characteristics 
typical of FET amplifiers with the low initial offset voltage and 
offset voltage stability of bipolar amplifiers. Also, nulling the offset 
voltage does not degrade the drift or common mode rejection. 


@ Low Input Bias Current. — 30 pA 
@ Low Input Offset Current — 3.0 pA 
@ Low Input Offset Voltage — 1.0 mV 


@ Temperature Compensation of Input Offset Voltage — 
3.0 pV/°C 

Low Input Noise Current — 0.01 pA/\/Hz 

High Input Impedance — 1012) . 

High Common-Mode Rejection Ratio — 100 dB 

High DC Voltage Gain — 106 dB 


SERIES FEATURES 


@ LF355/355B — Low Power Supply Current 
@ LF356/356B — Wide Bandwidth | 
@ LF357/357B — Wider Bandwidth Decompensated (Aymin = 5) 


LF355/355B LF356/356B LF357/357B 
4.0 us 1.5 us 1.5 us 
5.0 V/s 12 V/us 50 V/us 
2.5 MHz 5.0 MHz 20 MHz 

20 nV/VHz 12 nV/VHz 12 nV/WHz 


Fast Settling Time to 0.01% 
Fast Slew Rate 

Wide Gain Bandwidth 

Low Input Noise Voltage 


ORDERING INFORMATION 


LF355BH, H 0 to +70°C Metal Can 
LF355BJ, J Oto +70°C Ceramic DIP 
LF355BN, N 0 to +70°C Plastic DIP 
LF356BH, H 0 to +70°C Metal Can 
LF356BJ, J 0 to +70°C Ceramic DIP 
LF356BN, N Oto +70°C Plastic DIP 
LF357BH, H Oto +70°C Metal Can 
LF357BJ, J 0 to +70°C Ceramic DIP 
LF357BN, N 0 to +70°C Plastic DIP 


MOTOROLA 


MONOLITHIC JFET 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


H SUFFIX 
METAL PACKAGE 
CASE 601-04 


I 


(Top View) 


N SUFFIX. 
PLASTIC PACKAGE 
CASE 626-04 


J SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


m38 NC 

37 Voc 

36 Output 
P75 Offset Null 


Offset Null 103 
Invt Input 2c 9 
Noninvt Input 3c7 
Vee 45 


(Top View) 


APPLICATIONS 


The LF series is suggested for all general 
purpose FET input amplifier requirements 
where precision and frequency response 
flexibility are of prime importance. 

Specific applications include: 


@ Sample and Hold Circuits 

@ High Impedance Buffers 

e Fast D/A and A/D Converters 

@ Precision High-Speed Integrators 

@ Wideband, Low Noise, Low Drift Amplifiers 


*NOTE: The LF357/357B are designed for wider 
bandwidth applications. They are decompensated 


(Avmin = 5). 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


MAXIMUM RATINGS 


Differential input Voltage 
input Voltage Range (Note 1) ViDR 
Output Short-Circuit Duration 


Operating Junction Temperature TJ °C 
Metal and Ceramic Packages 115 
Plastic Package 100 


Storage Temperature Range °C 
Metal and Ceramic Package —65 to +150 
Plastic Package —55 to +125 


Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


CIRCUIT SCHEMATIC 
Offset Null 
19 9 5 
Yoo 
oF 
Q1 
J3 


Inv. Input é 
(+) 
3 age J2 
Non-tinv. 
Input 
es Fae oe 
C1 
J41 He 
J10 a a 
1OPF* S4 0k 
L__@___ rea 


OVEE 


*C1 = 5.0 pF on LF357. 
**C2 = 2.0 pF on LF357. 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


DC ELECTRICAL CHARACTERISTICS (Vcc = 15 to 20 V, Veg = —15 to —20 V for LF355B/356B/357B; Vcc = 15 V, VEE = 
— 15 V for LF355/356/357; Ta = 0°C to +70°C unless otherwise noted) 


Input Offset Voltage (Rs = 500, Vey = 
(Ta = 25°C) 
(Over Temperature) 

Average Temperature Coefficient of Input Offset 
eee: 


t 
| 
| 
| 
| 
| 


Input Bias Current (Vcjy = 0) (Note 3) 
(Ty = 25°C) 

(Ty < 70°C) 

Input Resistance (Ty = 25°C) 


Large Signal Voltage Gain 
(Vo = +10V, RL = 2.0k, Vcc = 15 V, 


Output Voltage Swing 
(Vcc = 15 V, Veg = 
(Vcc = 15 V, Veg 


Input Common-Mode Voltage Range 
(Vcc = 15 V, Veg = -15V) 


Common-Mode Rejection Ratio 
Supply Voltage Rejection Ratio (Note 4) 


Supply Current (Ta = 25°C, Vcc = 
Vege = —15V) 
LF355B/355 
LF356B/357B 
LF356/357 


AC ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Veg = —15V, Ta = 25°C) 


LF355B/355 LF356B/356 
Characteristic ritin [Typ [ Max | Min | 


Slew Rate (Note 5) 
(Ay = 1) LF355/356 
(Ay = 5) LF357 — 


Gain-Bandwidth Product 
Settling Time to 0.01% (Note 6) 


Equivalent Input Noise Voltage 
(Rg = 100 ©, f = 100 Hz). 
(Rs = 100 20, f = 1000 Hz) 


Equivalent Input Noise Current 
(f = 100 Hz) 
(f = 1000 Hz) 


Input Capacitance 


(1) Unless otherwise specified, the absolute maximum negative input tudes increasing or decreasing simultaneously, in accordance with 


voltage is equal to the negative power supply. common practice. 
(2) The temperature coefficient of the adjusted input offset voltage (5) The Min. slew rate limits apply for the LF356B and the LF357B, but 
changes only a small amount (0.5 uV/C typically) for each mV of do not apply for the LF356 or LF357. 
adjustment from its original unadjusted value. Common-mode re- (6) Settling time is defined here, for a unity gain inverter connection 
jection and open loop voltage gain are also unaffected by offset using 2.0 k resistors for the LF355/6. It is the time required for the 
adjustment. error voltage (the voltage at the inverting input pin on the amplifier) 
(3) The input bias currents approximately double for every 10°C rise in. to settle to within 0.01% of its final value from the time a 10 V step 
junction temperature, Tj. Due to limited test time, the input bias input is applied to the inverter. For the LF357, Ay = —5.0, the feed- 
currents are correlated to junction temperature. Use of a heat sink back resistor from output to input is 2.0 k and the output step is 10 
is recommended if input bias current is to be kept to a minimum. V (see settling time test circuit). 


(4) Supply voltage rejection ratio is measured for both supply magni- 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL DC PERFORMANCE CHARACTERISTICS 
(Curves are for LF355, LF356, and LF357 series unless otherwise specified) 
INPUT BIAS CURRENT versus CASE TEMPERATURE 


FIGURE 1 — (LF355 SERIES) FIGURE 2 — (LF356 AND LF357 SERIES) 


OV 


Ip. INPUT BIAS CURRENT (pA) 
Iyp, INPUT BIAS CURRENT (pA) 


0.1 
-55 ~25 5 


7 
Zia 


35 65 70 -55 -25 5.0 35 65 70 


Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING 
versus INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE (LF355B/356B/357B) 


LF356/7 pal 
no ae ae 


LF356/7 
With Heat Sink 


Ig. INPUT BIAS CURRENT (pA) 


Vg, OUTPUT VOLTAGE SWING (Vp-p) 


-10 -5.0 0 5.0 10 
Vic, COMMON-MODE INPUT VOLTAGE (VOLTS) Voc, Veg, SUPPLY VOLTAGE (+ VOLTS) 


SUPPLY CURRENT versus SUPPLY VOLTAGE 
FIGURE 5 — (LF355 SERIES) FIGURE 6 — (LF356 AND LF357 SERIES) 


f, 
| 


< 4.0 ¢ 
= - 
: ee ee ee : 
oc ea 
cc foal 
a: Pi Lol oe. 2 
= ~ 
5 Ss 
aR a 
a 
i = 
0 5.0 10 15 18 20 25 
Vec. VEE. SUPPLY VOLTAGE (: VOLTS) Vcc. VEE. SUPPLY VOLTAGE (+VOLTS) 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL DC PERFORMANCE CHARACTERISTICS (continued) 


FIGURE 7 — NEGATIVE CURRENT LIMIT FIGURE 8 — POSITIVE. CURRENT LIMIT 


Vg, NEGATIVE OUTPUT VOLTAGE SWING (VOLTS) 


Vg, POSITIVE OUTPUT VOLTAGE SWING (VOLTS) 


0 5.0 -10 -15 -20 -25 -30 -35 -40 
Igink, OUTPUT SINK CURRENT (mA) Isink, OUTPUT SINK CURRENT (mA) 


FIGURE 9 — POSITIVE COMMON-MODE FIGURE 10 — NEGATIVE COMMON-MODE 
INPUT VOLTAGE LIMIT INPUT VOLTAGE LIMIT 


0C<Ta < 20° 


20 


Vic, NEGATIVE COMMON-MODE INPUT VOLTAGE (VOLTS) 


Vic, POSITIVE COMMON-MODE INPUT VOLTAGE (VO LTS) 
a 


Vec, POSITIVE SUPPLY VOLTAGE (VOLTS) Veg, NEGATIVE SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 — OUTPUT VOLTAGE SWING 
FIGURE 11 — OPEN LOOP VOLTAGE GAIN versus LOAD RESISTANCE 


I an es ee mee ee ee 
PAG ERA (SE) Gee 
> ae eS ES 
= Ph eee See eae a 
Ss (ae eee ies Rees = 
iq a a Se aac = 
r Sa Se CA SIO a 
ee ees Ee ee oO 
S 2 rs aoe een 2 
5 ee ee ee ee 5 
° ee ee eee = 
pee) SS Eee ES —- = 
S i Lee 
= aan ee = 
Fen) ae ee ae 3 
z ceed aes ea > 
7 (es Reeaes cent 
ee eet 


Voc, Veg, SUPPLY VOLTAGE (+ VOLTS) R_, OUTPUT LOAD RESISTANCE (k) 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL AC PERFORMANCE CHARACTERISTICS 
GAIN BANDWIDTH PRODUCT 


FIGURE 13 — (LF355 SERIES) FIGURE 14 — (LF356/357 SERIES) 


LF357 Curves Identical, a a ae 
But Multiplied by 4. ae ae ae 


BW,, GAIN-BANDWIDTH PRODUCT (MHz) 
BW,, GAIN-BANDWIDTH PRODUCT (MHz) 
ao 
fom] 


-65 -35 -15 5.0 25 45 65 85 105 = 125 -55 -35 = -15 5.0 25 45 65 85 105 = =125 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 


INVERTER SETTLING TIME 


FIGURE 15 — (LF355 SERIES) FIGURE 16 — (LF356 AND LF357 SERIES) 


ees eee eae 
fal veo PPO ise ges) CIE 

{fom AAT tT 
rseay-—111// 71 i | tii 
usr, ay = -5 | LDA in mage 
ee al Eel 
Seat aa Fe le 
a ee PTT TT TENN ET TTT 
TE tome NOS ee Nel 
lee eet NI SS COC COIN Ooo 


-10 
ne 0.2 0.5 1.0 2.0 5.0 10 0.1 0.2 0.5 1.0 2.0 5.0 
ts, SETTLING TIME (us) ts, SETTLING TIME (us) 


il | 
12a 
ee 


Vg, OUTPUT VOLTAGE SWING FROM 0 V (VOLTS) 
Vo, OUTPUT VOLTAGE SWING FROM 0 V (VOLTS) 


FIGURE 17 — NORMALIZED SLEW RATE FIGURE 18 — OPEN LOOP FREQUENCY RESPONSE 


aaa 
BoA Niles 


AREY 
oN 


SLEW RATE NORMALIZED TO 25°C 
So 


Ayo_. OPEN LOOP VOLTAGE GAIN (dB) 


-565 -35 -15 5.0 25 45 65 85 105 = 125 10 100 1k Wk 100k iM 10M 
Ty, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz) 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL AC PERFORMANCE CHARACTERISTICS (continued) 


BODE PLOT OUTPUT IMPEDANCE 


| FIGURE 19 — (LF355 SERIES) FIGURE 22 — (LF355 SERIES) 


Ct oT ! Ss 
1 0 1 00 = Oe ee ees 
me Sa ee EEE He St ieee 
SAIN Phi | S me EE 
ase | Vv 1BV | ~ = =o Tes 
von 0 =| 8 SSS SS SSeiiin 
ESL VT Teal 2 eee eesti 
eel 3B see ceil samara 
o| a fF Pett TP 
0 5 = 10 Res ; ——a— sas SSeS 
SETS AST | E a = 2 Tt ee a i ae 
“oe poe eon? i neteins maces emacs: 
ye) e nn ae tr 4 a” eee a a Por 
-25 2} > i CA [A ma 
=| —& Coa AH a 
-07! 5 an aa t a 
} 1.0 anne — ae ppt mae 
-75 . Se SEE mouse 
Ser ciiiime = csieMinmael aH 
a Fe Ht tH 
tok 01 Cole ECE 
20 100 1k 10 k 100 k 1M 10M 
f, FREQUENCY (MHz) f, FREQUENCY (Hz) 
FIGURE 20 — (LF356 SERIES) FIGURE 23 — (LF356 SERIES) 
100 = 
S 10 
td A 
2 f Peet 
~ <6 
faa) a 
= w 
z = 1.0 
S = 
aq 
_— 
pa) 
fon) 
2 0.1 
0.01 
f, FREQUENCY (MHz) f, FREQUENCY (Hz) 
_ FIGURE 21 — (LF357 SERIES) _ FIGURE 24 — (LF357 SERIES) 
100 ot tt ee 
ee ater Ce 
5 8 cam aor mnrei 
oe 4 ae ears Zam. eel 
av Set SP GLO GE SRN Bw pet |} rt as a on a 
ty -—}++ + +H] tH} —} | t—t—_ + +--+ 4} 
2 FREFH i sae 
s Eb ye 
= 10 SSmBEIIIZ2 i 
= ° =e eH 
> EA AH 
a 
= Zao". Hy 
° 0.1 Z = ne me?) = 
ESE H HE wpe tt 
Poof et iy eels 
Ary So 1 a ll 0 
1k 10k 100 k 1M 10M 
f, FREQUENCY (MHz) f, FREQUENCY (Hz) 
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LF355, LF356, LF357, LF355B, LF356B, LF357B — 


TYPICAL AC PERFORMANCE CHARACTERISTICS (continued) 


FIGURE 25 — COMMON-MODE REJECTION RATIO - FIGURE 26 — UNDISTORTED OUTPUT 
VOLTAGE SWING 


op ER sae GS a A 
Pea enue Sho) 
ee | 


59C 
Vec=15V 
Vep=-15V 
Ry =2k 
Ay =1 

< 1% Dist. 


Vg, OUTPUT VOLTAGE SWING (Vp-p) 


CMRR, COMMON-MODE REJECTION RATIO (dB) 


10 100 1k 10k 100 k 1M 10M 10 k 100 k 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 


POWER SUPPLY VOLTAGE REJECTION RATIO 


FIGURE 27 — (LF355 SERIES) FIGURE 28 — (LF356 AND LF357 SERIES) 
120 Ta = 25°C 

KIN vere 

Positive 106 ESN Vep=-15V 


Supply 


Negative — 
Supply 


PSRR, SUPPLY VOLTAGE REJECTION RATIO (dB) 
PSRR, SUPPLY VOLTAGE REJECTION RATIO (d3) 


1k 10k «100k =oIM. | 100 1k 10k 100k 1M 10M 100M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
. EQUIVALENT NOISE VOLTAGE 


FIGURE 29 — (LF355/356/357 SERIES) FIGURE 30 (EXPANDED SCALE) 


@n, EQUIVALENT INPUT NOISE VOLTAGE (nV//Hz) 
en, EQUIVALENT INPUT NOISE VOLTAGE (nV/VHz2) 


f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL CIRCUIT CONNECTIONS 


FIGURE 31 — DRIVING CAPACITIVE LOADS FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER 


5.0 k 10 k 


*LF355/6 R 
LF357_ R 


Due to a unique output stage design these amplifiers have the 
ability to drive large capacitive loads and still maintain stability. 
CL (max) = 0.01 uF. 


Overshoot < 20% For distortion << 1% anda 20 Vp-p Vout 
Settling time (t,) = 5.0 us swing, power bandwidth is: 500 kHz. 
FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 34 — SETTLING TIME TEST CIRCUIT 
2.0k,0.1% 
Vec 


10 a # 
0 2k,0.1% 
— alee 
2N4416 


5.0 k, 0.1% Vout 
*1.0k,0.1% 
3.0 k 
Vv Summing 5k, 0.1% 
EE Node 


O+15 V 
© Settling time is tested with the LF355/6 
connected as unity gain inverter and LF357 
connected for Ay = —5 


: : : : N4416 
@ Vio is adjusted with a 25 k potentiometer a 


The potentiometer wiper is connected to Vcc 

@ For potentiometers with temperature coefficient of 100 
ppm/°C or less the additional drift with adjust is ~ 0.5 uV/ 
°C/mV of adjustment. 

@ Typical overall drift: 5.0 uV/°C +(0.5 uV/°C/mvV 

of adjustment.) 


@ FET used to isolate the probe capacitance 


e@ Output = 10 V step 
*Ay = —5 for LF357 


FIGURE 35 — NONINVERTING UNITY GAIN FIGURE 36 — INVERTING UNITY GAIN FOR LF357 
OPERATION FOR LF357 


R2 R2 
sce ee iC ee 
(27)(5 MHz) R2 (27)(5 MHz) 
c R2+R 
R1= aetna Cc - Rt R2 
RI 4 R1 4 
LF357 LF357 ” 
RS Av(pc) = 1 = + Av(DC) =~ 
f_3qaB *¥ 5 MHz f_sqgp ~ 5 MHz 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL APPLICATIONS 


FIGURE 37 — WIDE BW, LOW NOISE, 
LOW DRIFT AMPLIFIER 


C2 


fmax = 240 kHz 
103 


SAS 


S 
@ Power BW: fmax = —— = 240 kHz 


© Parasitic input capacitance (C1 = 3 pF for LF355, LF356, and LF357 plus any 
additional layout capacitance) interacts with feedback elements and creates un- 
desirable high frequency pole. To compensate add C2 such that: R2C2 = R1C1. 


FIGURE 39 — 8-BIT D/A WITH OUTPUT CURRENT 
-. @tO VOLTAGE CONVERSION 


Vref 


Vref = 2.0 Vde 
R14= R15 = 1.0 kQ2 
Ro = 5.0 kQ 


LSB. 


pF VEE 
Theoretical Vo 
V ret Al A2 A3 A4 AS A6 A7 A8 
Vo= (Ro) | —— + ot tt tet tot oe 
R14 2 4 8 16 32 64 128 256 


Adjust Vref, R14 or Ro so that Vo with all digital inputs at high 
tevel is equal to 9.961 volts. 

2V 1 1 1 1 1 1 1 1 
Vo zan(S k)j— ++ >t —+ — 

1k 2 4 8 64 128 


255 
= 10 V [-—_]= 9.961 V 
256 


16 


+ 
32 


256 


FIGURE 41 — LONG INTERVAL RC TIMER 


*Polycarbonate or 
Polystyrene Capacitor 
Time (t) = R4CLn(V_/VR-V]), R3 = Rg, R5 = 0.1 RO 

If R17 = R2: t= 0.693 R4cC 
Design Example: 100 Second Timer 
VR=10V C=1uF R3=R4= 144M 
R6 = 20k R5=2k R1=R2=1k 


FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS 


R2 5.1k 


O Vout 


+2V 
++ 
-2VvV° 


Overshoot 6% 


ts = 10 us 

When driving large C,, the Voy slew rate is determined by Cy 
and lout(max)' 

AVout a lout _ 0.02 


= == V/us = 0.04 V/us (with Cy shown) 
ke Ce Ge ‘i L 


FIGURE 40 — PRECISION CURRENT MONITOR 


Paes 
< 6 
RQ LF355 
3 


2N4092 


Vec © 


Vo = 5 R1/R2 (V/mA of Ig) 

R1, R2, R3: 0.1% Resistors 

Use LF355 for — 

4 Common-Mode Range to Supply Range 
4 Low !ip 

& Low Vio 
a 


Low Supply Current 


FIGURE 42 — HIGH IMPEDANCE, LOW DRIFT 
INSTRUMENTATION AMPLIFIER 


Al 


; 7 ~ LF355 


+15 VO 


A3 
LM308A 


O Vout 


® Vout = R3/R[2R2/R1 + 1] 

AV, Veg + 2 V < Vin common-mode < Vcc 
@ System Vic Adjusted via A2 Vic Adjust 
@ Trim R3 to Boost up CMRR to 120 dB 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-15 


MOTOROLA 


PRECISION 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PRECISION OPERATIONAL AMPLIFIERS 


The LM11 is a precision, low drift operational amplifier provid- 
ing the best features of existing FET and Bipolar op amps. Im- 
plementation of super gain transistors allows reduction of input 
bias currents by an order of magnitude over earlier devices such 
as the LM108A. Offset voltage and drift have also been reduced. 
Although bandwidth and slew rate are not as great as FET devices, 
input offset voltage, drift and bias current are inherently lower, 
particularly over temperature. Power consumption is also much 
lower, eliminating warm-up stabilization time in critical applications. 

Offset balancing is provided, with the range determined by an 
external low resistance potentiometer. Compensation is provided 
internally, but external compensation can be added for improved 
stability when driving capacitive loads. 

The precision characteristics of the LM11 make this device ideal 
for applications such as charge integrators, analog memories, 
electrometers, active filters, light meters and logarithmic amplifiers. 


1 


N SUFFIX | J-8 SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626-04 CASE 693-02 


@ Low Input Offset Voltage: 100 nV 

e@ Low Input Bias Current: 17 pA 

@ Low Input Offset Current: 0.5 pA 

@ Low Input Offset Voltage Drift: 1.0 wV/°C 
@ Long-Term Stability: . 10 uV/year 
@ High Common Mode Rejection: 130 dB 


(Top View) 


H SUFFIX 
METAL CAN" 
CASE 601-04 

Case Connected To Veg 


Balance 


MAXIMUM RATINGS 


(2) (6) Output 
mo \ at 
(4) 


Compensation 


VEE 


Power Supply Voltage Vcc to Veg (Top View) 


Differential Input Current (Note 1) lip +10 
Output Short-Circuit Duration (Note 2) ts Indefinite 


Power Dissipation (Note 3) 


Operating Junction Temperature 
LM11 
LM11C/CL 


Storage Temperature Range 
Metal and Ceramic Packages —65 to + 150 
Plastic Packages -~55 to +125 


ORDERING INFORMATION 


se —— — 2 
Temperature Range Package 


MOTOROLA LINEAR/INTERFACE DEVICES 


: Wz 
N-14 SUFFIX J SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 646-05 CASE 632-02 


(Top View) 


*Unused pin (no internal connection) to allow 
for input anti-leakage guard ring on printed 
circuit board layout. 


ae Ser ee eee PE te eee Se ae ie ee A 
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LM11, LM11C, LM11CL 


ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted [Note 4]) 


Input Offset Voltage 
Tow to Thigh 

Input Offset Current 
Tow to Thigh 

Input Bias Current 
Tlow to Thigh 


Input Offset Voltage Drift 
Tow to Thigh 

Input Offset Current Drift 
Tlow to Thigh 

Input Bias Current Drift 
Tlow to Thigh 

Large Signal Voltage Gain 


Vs = +15V, Vout = £12 V, 
lout = +2.0 mA 
Tow to Thigh (Note 5) 
Vs = +15V, Vout = +12 V, 
lout = +0.5 mA 
Tow to Thigh 


Common Mode Rejection Ratio 
Vs = +15V, —13 VSVcMS14 V 
Vs = +15V, —12.5 V<Vcomsi14 V, 
Tow to Thigh 
Power Supply Rejection Ratio 
+2.5 VSVs<+20V 
Tow to thigh 
Power Supply Current 
Tiow to Thigh 
Output Short-Circuit Current 
Ty = 150°C, Output Shorted 
to Ground 


Notes: 

1. The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow if the input differential voltage is in excess 
of 1.0 V if no limiting resistance is used. Additionally, a 2 kQ resistance in each input is suggested to prevent possible latch-up initiated by supply 
reversals. 

2. The output is current limited when shorted to ground or any voltages less than the supplies. Continuous overloads will require package dissipation 

to be considered and heat sinking should be provided when necessary. 

. Devices must be derated based on package thermal resistance (see package outline dimensions). 

4. These specifications apply for Veg + 2.0 V<VcmS<Vcc — 1.0 V (VEE + 2.5 V<VcM<Vcc — 1.0 V for Tlow to Thigh) and +2.5 V<Vg<+20 V , 
Tlow to Thigh: ~55°C<Ty=< + 125°C for LM11 

0°C<Ty<+70°C for LM11C and LM11CL 
5. Vout = +£11.5 V, all other conditions unchanged. 


wo 


a a ne Ee ES — eS —— 
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| 
| ~LM11, LM11C, LM11CL 
| 


SCHEMATIC DIAGRAM 


Balance Compensation 
@ © 


©) 
OP ay ° Vcc 
ag 
A | is 7.5k 
“a F — 
. a8 


< 
oY — 


| ee ee 
ore, ohh 0 
Ez Q3 a4 
200 
Inputs 2.0k 2.0k © Output 


FIGURE 1 — INPUT BIAS CURRENT FIGURE 2 — INPUT OFFSET CURRENT 


versus CASE TEMPERATURE versus CASE TEMPERATURE 


Curve 1, VS=+20V 


2,Vs=+2.5V Low 


iB, INPUT BIAS CURRENT (pA) 
10, INPUT OFFSET CURRENT (pA) 


(ae 


ETT 
CRORGD IREe 


~90 —25 0 29 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
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LM11, LM11C, LM11CL 


FIGURE 3 — TEMPERATURE COEFFICIENT OF = 
INPUT OFFSET VOLTAGE versus INPUT OFFSET VOLTAGE FIGURE 4 — SPECTRAL NOISE DENSITY 


24 
Se a cE 
is ea A a 
a a a ZZ 


ea ee ae 
LT 


Vs=+15V 
Ay=10 Rs=100 kQ 


INPUT NOISE (nV//Hz) 


TcVio. TEMPERATURE COEFFICIENT OF 
INPUT OFFSET VOLTAGE (uV/°C) 


-6.0 -4.0 ~2.0 0 2.0 4 6.0 
Vio, INPUT OFFSET VOLTAGE (mV) @ 25°C f, FREQUENCY (Hz) 
FIGURE 5 — COMMON-MODE LIMITS FIGURE 6 — COMMON-MODE REJECTION AND 
versus TEMPERATURE SLEW LIMIT versus FREQUENCY 


) 

— 
> 
Oo 


VS=+15V 


co 
= a 
Qa 
= 120 AViQ = 100 pV > 
> 
= Z 100 = 
a -_ 
= 2 cs 
= ui =-80 10” 
e . i" 
S f S 
= S 60 = 
2 = = 
4 2 ra} 
= =) = 
= = 40 is 
° 5 8 
(a) Fe 
a 20 a 
ce = 
= oO 
oe .°0 0.01 
1.0 10 100 1.0k 10 k 100 k 1.0M 
T, TEMPERATURE (°C) f, FREQUENCY (Hz) 
FIGURE 7 — OPEN LOOP VOLTAGE GAIN FIGURE 8 — OUTPUT SATURATION 
versus SUPPLY VOLTAGE versus LOAD CURRENT 


f<0.1 Hz 
Vgat =1.5 V 
Ri = 2Vs(kQ) 


—55°C <Tcase 125°C 
+2.5VSVS<+15V 
AVIO =10 uV 


AViQ =20 wV (125°C) 


AVL, OPEN LOOP VOLTAGE GAIN (dB) 


Vsat, OUTPUT SATURATION VOLTAGE (V) 


Vs, SUPPLY VOLTAGE (+V) I_, LOAD CURRENT (+méA) 
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LM11, LM11C, LM11CL 


FIGURE 9 — POWER SUPPLY REJECTION RATIO . FIGURE 10 — SUPPLY CURRENT versus 
versus FREQUENCY . ‘ 


n 


UPPLY VOLTAGE 


Case Temperature 
1 =25°C 
2=125°C 


—_— 
— 


Ip, SUPPLY CURRENT (uA 


PSRR, POWER SUPPLY REJECTION RATIO (dB) 


10 100 1.0 k 10 k 100 k 1.0M 10M 
f, FREQUENCY (Hz) Vs, SUPPLY VOLTAGE (+V) 
FIGURE 11 — OPEN LOOP VOLTAGE GAIN AND PHASE FIGURE 12 — SLEW RATE versus 
versus FREQUENCY EXTERNAL COMPENSATION CAPACITOR 


Curves 1, Cc =0 

2, Co =1000 pF 
Vg=+15V 
RL =30 kQ 


CSUR GET) Oar) ORD CE GA a 


UY 


bed a 


AvoL, VOLTAGE GAIN (dB) 


SR, SLEW RATE (mV/ys 


TUTTE? 


f, FREQUENCY (Hz) 


FIGURE 13 — CLOSED LOOP OUTPUT IMPEDANCE > 
versus FREQUENCY 


2) 


Z9, OUTPUT IMPEDANCE. ( 


10 ‘100 10k 10 k 100k 10M 10M 
f, FREQUENCY (Hz) | | 
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LM11, LM11C, LM11CL 


APPLICATIONS INFORMATION 


Due to the extremely low input bias currents of this 
device, it may be tempting to remove the bias current com- 
pensation resistor normally associated with a summing 
amplifier configuration. Direct connection of the inputs to a 
low impedance source or ground should be avoided when 
supply voltages greater than approximately 3 volts are used. 
The potential problem involves reversal of one supply which 
can cause excessive current to flow in the second supply. 
Possible destruction of the IC could result if the second 
supply is not current limited to approximately 100 mA or if 
bypass capacitors greater than 1.0 uF are used in the supply 
bus. 

Disconnecting one supply will generally cause reversal 
due to loading of the other supply within the IC and in 
external circuitry. Although the problem can usually be 
avoided by placing clamp diodes across the power supplies 
of each printed circuit board, a careful design will include 
sufficient resistance in the input leads to limit the current to 
10 mA if the input leads are pulled to either supply by internal 
currents. This precaution is not limited to only the LM11. 

The LM11 is capable of resolving picoampere level sig- 
nals. Leakage currents external to the iC can severely impair 
the performance of the device. It is important that high 
quality insulating materials such as teflon be employed. 
Proper cleaning to remove fluxes and other residues from 
printed circuit boards, sockets and the device package are 
necessary to minimize surface leakage. 

When operating in high humidity environments or tem- 
peratures near 0°C, a surface coating is suggested to set up 
a moisture barrier. 

Leakage effects on printed circuit boards can be reduced 
by encircling the inputs (both sides of p.c. board) with a 
conductive guard ring connected to a low impedance poten- 
tial nearly the same as that of the inputs. 

The suggested printed circuit board layout for input 
guarding is shown in Figure 14. Guard ring electrical con- 
nections for common operational amplifier configurations 
are illustrated in Figure 15. For critical applications, a 14-pin 


dual in-line package is available with guard pins (internally 
unconnected) adjacent to the inputs for minimal package 
leakage effects. 

Electrostatic shielding is suggested in high-impedance 
circuits. 

Error voltages in external circuitry can be generated by 
thermocouple effects. Dissimilar metals along with temper- 
ature gradients can set up an error voltage ranging in the 
hundreds of microvolts. Some of the best thermocouples are 
junctions of dissimilar metals made up of IC package pins 
and printed circuit boards. Problems can be avoided by keep- 
ing low level circuitry away from heat generating elements. 

The LM11 is internally compensated, but external com- 
pensation can be added to improve stability, particularly 
when driving capacitive loads. 


FIGURE 14 — SUGGESTED PRINTED 
CIRCUIT BOARD LAYOUT FOR INPUT GUARDING 
USING METAL PACKAGED DEVICE 


Balance 


Vcc \ Vv; 
Output gy 7 8 1 
6 


Compensation @ 5 
4 


VEE I A 


Guard 


(Bottom View) 


The above guard ring, required on both sides of the 
board, is connected to a low impedance point of the 
same potential as the sensitive inputs to reduce surface 
leakage paths. Bulk leakage is reduced less, and 
depends more on guard ring width. 


FIGURE 15 — GUARD RING ELECTRICAL CONNECTIONS 
FOR COMMON AMPLIFIER CONFIGURATIONS 


Summing Amp (inverting) 


R1 R2 


Non-Inverting 


Voltage Follower 


Output 
Input 


R2 
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LM11, LM11C, LM11CL 


| FIGURE 16 — INPUT PROTECTION FIGURE 17 — INPUT PROTECTION 
FOR SUMMING (INVERTING) AMPLIFIER FOR A VOLTAGE FOLLOWER 


Input © 


R1 


Current is limited by R1 in the event the input is Input current is limited by R1 when the input exceeds 
| connected to a low impedance source outside the supply voltage, power supply is turned off, or output is 
common-mode range of the device. Current is con- shorted. 
trolled by R2 if one supply reverses. R1 and R2 do not 
affect normal operation. 


FIGURE 18 — CABLE BOOT STRAPPING 
AND INPUT SHIELDS 


: Output 


An input shield boot strapped in a voltage follower 
reduces input capacitance, leakage, and spurious volt- 
ages from cable flexing. A small capacitor from the In a summing amplifier the input is at virtual ground. 
input to ground will prevent any instability. Therefore the shield can be grounded. A small feedback 
capacitor will insure stability. 


FIGURE 19 — ADJUSTING INPUT OFFSET 
VOLTAGE WITH BALANCE POTENTIOMETER 


Minimum 
Adjustment Range 
(mV) 


Input offset voltage adjustment range is a function of the Balance 
Potentiometer Resistance as indicated by the table above. The 
potentiometer is connected between the two ‘‘Balance” pins. 
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LM101A 
LM201A 
LM301A 


(AA) MOTOROLA 


OPERATIONAL AMPLIFIER 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


A general purpose operational amplifier that allows the user to 
choose the compensation capacitor best suited to his needs. With 
proper compensation, summing amplifier slew rates to 10 V/us 
can be obtained. 


@ Low Input Offset Current — 20 nA maximum Over 
Temperature Range 


e External Frequency Compensation for Flexibility 
e Class AB Output Provides Excellent Linearity 

e Output Short-Circuit Protection 

e Guaranteed Drift Characteristics 


J SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


(LM201A and LM301A) 


FIGURE 1 —- STANDARD COMPENSATION 
AND OFFSET BALANCING CIRCUIT 


FIGURE 2 — DOUBLE-ENDED LIMIT 
DETECTOR 


VEE Vcc 


Inverting 
Input 


NoniInverting 
input 


Balance 


10 MQ 


FIGURE 3 - 


O Output 


Balance 


MZ4622 or Equiv. 
eo 
© 


Vo = 4.8 V for 
ViT = VI = VuT 
Vo =-0.4V 

O VEE Vy < VET or Vi > VUT 


Pins Not Shown Are Not Connected 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Balance 9 o Compensation 


18] Compensation 


15] Balance 


(Top View) 


H SUFFIX 
METAL PACKAGE 
CASE 601-04 


ie 


Compensation 


(Top View) 


ORDERING INFORMATION 


- Temperature 


LM101AH -—55°C to +125°C | Metal Can 
LM101AJ —55°C to +125°C | Ceramic DIP 
LM201AH — 25°C to +85°C Metai Can 
LM201AN — 25°C to + 85°C Plastic DIP 
LM201AJ —25°C to +85°C | Ceramic DIP 
LM301AH 0°C to + 70°C Metal Can 
LM301AN 0°c to + 70°C Plastic DIP 
LM301AJ 0°c to + 70°C Ceramic DIP 
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LM101A, LM201A, LM301A 


MAXIMUM RATINGS 


VALUE 


——__ OO E20 


Power Dissipation (Package Limitation) 
Metal Can 
Derate above Ta = +75°C 
Plastic Dual In-Line Package (LM201A/ 
Derate above Ta = + 25° 301A) 
Ceramic Package 
Derate above 25°C 


Operating Ambient Temperature Range T —55 to +125 —25 to +85 
Storage Temperature Range <———————— - 65 to + 150 ——___—_———_——_ 


Note 1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to the supply voltage. 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted.) Unless otherwise specified, these specifications apply 
for supply voltages from +5.0 V to +20 V for the LM101A and LM201A, and from +5.0 V to 
+15 V for the LM301A. 


Characteristics 


ere 
Te 


Input Offset Current 
Input Bias Current 
Input Resistance 


Supply Current 
Vcc/VEE = +20 V 
Vcc/VEE = +15V 
Large Signal Voltage Gain 
(VcC/VEE = + 15V, Vo = +10V, 
Ry > 2.0 kQ) 


fed 
| 05 | 20 | — | Megohms | 


eae es 
m 
18 | 30 


Input Offset Voltage (Rs < 50 kQ) a", Wis sae 
Input Offset Current 


Average Temperature Coefficient of 
Input Offset Voltage 
Talimin) = Ta < Ta(max) 


| Max 
76 | mv 
ae 
| 250 | na 

A 


Average Temperature Coefficient of 
Input Offset Current 

+ 25°C < Ta < Ta(max) 

TA(min) = TA < 25°C 


Input Bias Current | ip 


Large Signal Voltage Gain 
(Vcc/VEE = +15 V,Vo = + 10V, 
Ri > 2.0 kQ) 
Input Voltage Range . 

Vcc/VEE = +20 V 
Vcc/VEE = +15V 


Output Voltage Swing 
Vcc/VeE = +15V,R, = 10k, 
Ru = 2.0 kO 


Supply Currents (Ta = Ta(max), 
Vcc/VegE = +20 V) 
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LM101A, LM201A, LM301A 


TYPICAL CHARACTERISTICS 
(Vcc = +15V, Veg = —15V, Ta = + 25°C unless otherwise noted.) 


FIGURE 4 — MINIMUM INPUT VOLTAGE RANGE FIGURE 5 — MINIMUM OUTPUT VOLTAGE SWING 


Applicable to the Specified 
Operating Temperature 
Ranges 


; 


Applicable to the Specified 
Operating Temperature 


Vip. INPUT VOLTAGE RANGE (VOLTS) 


Vor, OUTPUT VOLTAGE RANGE {+ VOLTS) 


LM101A 
and 
LM201A 
only 
Minimum 
Ri = 2.0k 
0. 5.0 10 15 20 . 
Vcc and {— Veg), SUPPLY VOLTAGE (VOLTS) Vcc AND (— Veg), SUPPLY VOLTAGES (VOLTS) 
FIGURE 6 — MINIMUM VOLTAGE GAIN FIGURE 7 — TYPICAL SUPPLY CURRENTS 


Applicable to the Specified 
Operating Temperature 


Ay, VOLTAGE GAIN (dB) 
lec, leg, SUPPLY CURRENTS (mA] 


Vcc AND — Veg, SUPPLY VOLTAGES (VOLTS) Vcc AND (—V_eg) SUPPLY VOLTAGE (VOLTS) 


FIGURE 8 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 9 — LARGE-SIGNAL FREQUENCY RESPONSE 


TAIT settee | LETT 
ES Oe ee ME HTT 
mal tt MI MEA 


ih a 
Teme NIT TNT 
nT 


1.0 10 100 1.0k 10 k 100 k 10M 10M 1.0k 10 k 100 k 1.0M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 


+100 


— 
foe] 
Oo 


wo 


+50 


Ay, VOLTAGE GAIN (dB) - 
+ 


na oO 


PHASE LAG (DEGREES) 


> 


Vor, OUTPUT VOLTAGE RANGE ( + VOLTS) 


fase) 
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Viz, Vor, VOLTAGE RANGE (+ VOLTS) 


LM101A, LM201A, LM301A 


Vor, OUTPUT VOLTAGE RANGE { = VOLTS) 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15V, Veg = -15V, Ta = +25°C unless otherwise noted.) 


FIGURE 10 — VOLTAGE FOLLOWER PULSE RESPONSE FIGURE 11 — OPEN-LOOP FREQUENCY RESPONSE 


+10 
ee Single-Pole Compensation 
ee 
so eae 
z= 


+140 


“oO 


+ 120 


+100 


+ 
R 
Oo 


+404 = 
ah Se 
mee us +60 
= 
S +40 
— 40 > 
pela 7 


5 
COREE 
CCRERESE EC 


t, TIME (ys) 


FIGURE 12 — LARGE-SIGNAL FREQUENCY RESPONSE 


ot 
| LUE 


Ld 
00 k 1.0M 10M 


f, FREQUENCY (Hz) . t, TIME (us) 


Vor, OUTPUT VOLTAGE RANGE ( + VOLTS) 


TYPICAL COMPENSATION CIRCUITS 


FIGURE 14 — SINGLE-POLE COMPENSATON FIGURE 15 — FEEDFORWARD COMPENSATION 


R2 


-V| 
Vo 
+V| 


Frequency 


Balance | Compensation 
C1 R1C . 150 pF ae 
a ae + ae 
oe , C2 = FafgR2 


Cs = 30 pF fo = 3.0 MHz 
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MOTOROLA 


PRECISION OPERATIONAL AMPLIFIERS 


The LM108/LM208/LM308 Series operational amplifiers provide 
high input impedance, low input offsets and temperature drifts, 
and low noise. These characteristics are made possible by use of 
a special Super Beta processing technology. This series of am- 
plifiers is particularly useful for applications where high-accuracy 
and low-drift performance are essential. In addition high-speed 
performance may be improved by employing feed-forward com- 
pensation techniques to maximize slew rate without compromis- 
ing other performance criteria. 

The LM108A/LM208A/LM308A Series offers extremely low input 
offset voltage and drift specifications allowing usage in even the 
most critical applications without external offset nulling. 


®@ Operation From a Wide Range of Power Supply Voltages 
@ Low Input Bias and Offset Currents 


@ Low Input Offset Voltage and Guaranteed Offset Voltage Drift 
Performance 


@ High Input Impedance 


FREQUENCY COMPENSATION 


Standard Compensation Modified Compensation 


R2 


Inverting 
Input 
Non- 

Inverting 
Input 


Inverting 
Input 
Non- 

Inverting 
Input 


Output 
eee Output 


Feedforward Compensations for 
Decoupling Load Capacitance 


Standard Feedforward 
Compensation 


Rs > 10k 100 k 


5 pF 


Output 


Output 
Compen B . : CL 
op 75 pF to 
= CompenA = = O01 ar 
*C2 > 5 x 105 F 
R2 ? 


OPERATING TEMPERATURE RANGE 
—55 to + 125°C} —25 to +85°C| Oto +70°C 


LM308 
Pkg. Suffix 


LM208 
Pkg. Suffix 


STANDARD LM108 
OFFSET VOLTAGE Pkg. Suffix 
SPECIFICATION 
TIGHTENED - LM108A 
OFFSET VOLTAGE Pkg. Suffix 
SPECIFICATION 
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LM208A 
Pkg. Suffix 


LM308A 
Pkg. Suffix 
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LM108, LM108A 
LM208, LM208A 
LM308, LM3O8A 


SUPER GAIN 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


H SUFFIX 
METAL PACKAGE 


COMPEN 
B 
CASE 601-04 


COMPEN 


(Top View) 


J SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 


NC 1 14 NC 
COMPEN A 2 13 NC 
*GUARD 3 12 COMPEN B 
4 11 Vcc 
INPUTS: ¢ 10 OUTPUT 
*GUARD 6 9 NC 
Veg 7 8 NC 


(Top View) 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 
(LM308 and LM308A Only) 


14 


1 


COMPEN COMPEN 
A 1 B 
2 7 Vcc 
INPUTS . 6 OUTPUT 
Ver 4 5 NC 


(Top View) 


J-8 SUFFIX f 
CERAMIC PACKAGE 
CASE 693-02 8 


1 


*Unused pin (no internal connection) to 
allow for input anti-leakage guard ring 
on printed circuit board layout. 


LM108, LM108A, LM208, LM208A, LM308, LM308A 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Rating | LMi108, LM108A | LM208, LM208A | LM308, LM308A | 


oi Sa RAE eee omens ae 


Junction Temperature 
Metal, Ceramic Package 
Plastic Package 


Note 1. For supply voitages less than +15 V, the maximum input voltage is equal to the supply voltage. 
Note 2. The inputs are shunted with back-to-back diodes for over-voltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of 1.0 V is applied between the inputs unless some limiting resistance is used. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < Vcc < 
+20 V and —5.0 V = Veg = -20V, Ta = +25°C.) 


| Input Offset Voltage | 0. 
Input Offset Current 


So 
NO 


Nh 
oO 


Input Bias Current 


| Megohms 
mA 


Megohms 


Input Resistance 70 


Power Supply Currents : 6 | + 
Vcc = +20V, Veg = -20V 

Large Signal Voltage Gain 300 
Vcc = \VegE| = +15 V, Vo = +10V, | 


Characteristic yp 


2.0 
+0.6 2 


+ 
So 
Ww 


Ru = 10 kQ 


Input Offset Voltage | VIO RSet 
Input Offset Current i ee 


Average Temperature Coefficient of 
Input Offset Voltage 
Ta(min)STasTa(max) 


Large Signal Voltage Gain 
Vcc = |VegE| = +15 V,Vo = +10V, 
R~_ = 10 kN 


Input Voltage Range VIR | +13.5 
Vcc = \Veg| = +15 V | 
Common-Mode Rejection Ratio CMRR | 9 | 110 | — | 
Power Supply Voltage Rejection Ratio | psrR | 96 | 100 es 


Output Voltage Range Vor +13 +14 
Vcc = |Veel = +15 V, RL = 10 kN 


ela} ff af ghey 
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LM108, LM108A, LM208, LM208A, LM308, LM308A 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < Vcc < 
+15 V and —5.0V = Veg = -15V, Ta = +25°C.) 


E 
Ba 
bad 


Typ 
2.0 
0.2 


Input Offset Current 


7 
1 
Input Bias Current 7 


Input Resistance 


Power Supply Currents 
Vcc = +15V, Veg = -15V 


Large Signal Voltage Gain 
Vcc = +15 V, Veg = -15V,Vo = +10V, 
Ry = 10 kO 


Input Offset Voltage 


Megohms 


5 mV 
0 nA 
0 nA 
0.8 mA 


at 


Input Offset Current 


Average Temperature Coefficient of AVIO/AT 
input Offset Voltage 


Taimin) < Ta = Ta(max) 


— 
> 2 


N 
oO 


Average Temperature Coefficient of Alio/AT 
Input Offset Current 


Input Bias Current ee 

Large Signal Voltage Gain AVOL 15 
Vcct+15 V, Veg = —-15V,Vo = +10V, ! 
Rp = 10 kO | 


input Voltage Range 
Vec = +15 V, Veg = —15V 


Common-Mode Rejection Ratio 
Rs = 50 kD 


Supply Voltage Rejection Ratio 
Rs = 50 kn. 


= 
oS 
So 


+ 
fh 


Output Voltage Range 
Vec = +15V, Veg = —-15V, RL = 10 kD 


REPRESENTATIVE CIRCUIT SCHEMATIC 
COMPENSATION A © O COMPENSATION B 
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LM108, LM108A, LM208, LM208A, LM308, LM308A 


TYPICAL CHARACTERISTICS 


FIGURE 2 — MAXIMUM EQUIVALENT INPUT OFFSET 


g FIGURE 1 — INPUT BIAS AND INPUT OFFSET CURRENTS VOLTAGE ERROR versus INPUT RESISTANCE 
1.8 fie IN LM308A, LM308 = > 
ie i a Se: ats de 
gupst INN ree 
eo tee ne: 
= 19 aah S LM308A, LM308 oe 
eee Tia eae a el a ig mk 5 
i Sa ee 
pg easel oi eh : 16s 2 
= El LM108A, M108 i. OP ee 
0.2 4 sear LM208 a 3 


0 
—60 -40 —20 0 +20 +40 +60 +80 +100 +120 +140 1.0M 10M 
T, TEMPERATURE (°C) r, INPUT RESISTANCE (OHMS) 


FIGURE 4 — POWER SUPPLY CURRENTS versus POWER 
30 FIGURE 3 — VOLTAGE GAIN versus SUPPLY VOLTAGES SUPPLY VOLTAGE 


AVoL, VOLTAGE GAIN (dB) 


lec = |lpe|, SUPPLY CURRENTS (.A] 


5.0 
Vec = \Veel, Sippy VOLTAGES OUTS Vcc = \Veel, SUPPLY VOLTAGES (VOLTS) 


FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE 


CEI TTT ce bast HI 
CCC TPP ve = — 50 TT 


ALIN CCUM *7 750 
| || 


~ Vor, OUTPUT VOLTAGE RANGE (+ Vp-p] 


OF = 3 2 a Beno 
a as SE 
1.0 10 100 «10k = 10k «= 100k «= 1.0M 10M 100M 1.0 k 10k 1.0M 
f, FREQUENCY (Hz) f, FREQUENCY Ht 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-30 


LM108, LM108A, LM208, LM208A, LM308, LM308A 


SUGGESTED DESIGN APPLICATIONS 


FIGURE 7 — FAST (1) SUMMING AMPLIFIER WITH LOW 
INPUT CURRENT 


0.002 wF 
LM108,A 


Output | 
LM101A(3) 
or equiv 


(1) Power Bandwidth: (3) In addition to increasing speed, 
250 kHz _..the LM101A raises high and 
Small Signal low frequency gain, increases 
Bandwidth: output drive capability and 
3.5 MHz eliminates thermal feedback. 
Slew Rate: 10 V/us 


6 X 10-8 


(2) C5 = Al 


INPUT GUARDING 

Special care must be taken in the assembly of printed 
circuit boards to take full advantage of the low input 
currents of the LM108,A amplifier series. Boards must 
be thoroughly cleaned with TCE or alcohol and blown 
dry with compressed ‘air. After cleaning, the boards 
should be coated with epoxy or silicone rubber to pre- 
vent contamination. 

Even with properly cleaned and coated boards, leak- 
age currents may cause trouble at + 125°C, particularly 
since the input pins are adjacent to pins that are at 
supply potentials. This leakage can be significantly re- 
duced by using guarding to lower the voltage difference 
between the inputs and adjacent metal runs. Input 
guarding of the 8-lead TO-99 type package is accom- 
plished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the in- 
puts are empty when it is inserted in the boards. The 


FIGURE 8 — SAMPLE AND HOLD | 


Q2 


1.0 wF (1) 


(1) Teflon, Polyethylene or Polycarbonate 
Dielectric Capacitor 


FIGURE 9 — SUGGESTED PRINTED CIRCUIT BOARD 
LAYOUT for INPUT GUARDING USING METAL 
PACKAGED DEVICE 


Compensation B 


V 

CC \ | V4 Compensation A 
—, es 1 
’ 6 : 


Output 


(Bottom View) 


guard, which is a conductive ring surrounding the in- 
puts, is connected to a low-impedance point that is at 
approximately the same voltage as the inputs. Leakage 
currents from high-voltage pins are then absorbed by 
the guard. 

The pin configuration of the dual in-line package is 
designed to facilitate guarding, since the pins adjacent 
to the inputs are not used (this is different from the 
standard MC1741 and LM101A pin configuration). 


FIGURE 10 — CONNECTION OF INPUT GUARDS 


Inverting Amplifier 


(1) Used to compensate for large source resistances. _ 


Follower Non-Iinverting Amplifier 


Output 


R1 R2 


ote: RI a R2 must be an impedance. 
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a LM124, LM224, t,t | ; 
7 LM324, LM2902 | (AA) MOTOROLA 


Specifications and Applications 
Information 


QUAD DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 
SILICON MONOLITHIC 


INTEGRATED CIRCUIT 


The LM124 Series are low-cost, quad operational amplifiers 
with true differential inputs. These have several distinct advantages 
over standard operational amplifier types in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 
or as high as 32 Volts with quiescent currents about one fifth of 
those associated with the MC1741 (on a per amplifier basis). The 
common mode input range includes the negative supply, thereby 
eliminating the necessity for external biasing components in many 
applications. The output voltage range also includes the negative 
power supply voltage. 


J SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 


Short Circuit Protected Outputs 

True Differential Input Stage 

Single Supply Operation: 3.0 to 32 Volts 
Low Input Bias Currents: 250 nA Max 


Four Amplifiers Per Package N: SUFFIX 


PLASTIC PACKAGE 
CASE 646-05 
(LM224, LM324, LM2902 only) 


Internally Compensated 
Common Mode Range Extends to Negative Supply 
Industry Standard Pinouts 


PIN CONNECTIONS 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


LM124 
; LM224 
Power Supply Voltages Vdc 
Single Suppl y Vcc 32 26 
Split Supplies Vcc. VEE +16 13 


Input Forward Current (3) lif 50 mA 
(Vp <-0.3 V) . 


Output Short Circuit Duration Pag [ Continuous sd 


Junction Temperature 
Ceramic and Metal Packages 
Plastic Package 


ts 
Ty 
Storage Temperature Range T stg 
Ceramic and Metal Packages 
Plastic Package 
Ta 
LM2902 
(1) Split Power Supplies. 
(2) For Supply Voltages less than 32 V for the LM124/224/324 and 26 V for the LM2902, 
the absolute maximum input voltage is equal to the supply voltage. . 


(3) This input current will only exist when the voltage is negative at any of the input leads. 


Normal output states will reestablish when the input voltage returns to a voltage greater . 
than -0.3 V. 


Vec 


Inputs 


175 
150 


—65 to +150 
--55 to +125 


Operating Ambient Temperature Range 
LM124 
LM224 
LM324 


-55 to +125 
-~25 to +85 
0 to +70 
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LM124, LM224, LM324, LM2902 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted) 


; LM124/LM224 
Characteristic Symbol 


Input Offset Voltage ViO 
Vac = 5.0 V to 30 V (26 V for LM2902), 
Vic =OVtoVoo-1.7V,VQg9=1.4V,R5 =02 
Tp = 25°C 
TA = Thigh tO Tiow (Note 1) 


Average Temperature Coefficient of Input Offset Voltage AVIQ/AT 
TA = Thigh tO Tiow (Note 1) 

Input Offset Current 
i actnmorow owen | 

Average Temperature Coefficient of Input Offset Current Alig/AT 
vac Tngn'o Tow Woe [| 
Input Bias Current 

TA = Thigh to Tlow (Note 1) hee | 


Input Common-Mode Voltage Range (Note 2) 
Vec = 30 V (26 V for LM2902) 
Vcc = 30 V (26 V for LM2902), Ta = Thigh to Tlow 
Differential Input Voltage Range 
Large Signal Open-Loop Voltage Gain y 


Ru = 2.0kQ2, Vcc = 15 V, For Large Vo Swing, 
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25 | 100 


Channel Separation 
1.0 kHz < f < 20 kHz, Input Referenced 


Common-Mode Rejection Ratio CMRR 
Rs < 10 kQ 


Power Supply Rejection Ratio 


Oo) Oo = 
on oOo on 
~S 
io) 
I 
—_ 
N 
jo) 


io} 
oO 


Output Voltage Range VOR 
RL =2k2 (Ry > 10 kQ for LM2902), 

Output Voltage—High Limit (Ta = Thigh to Tiow) (Note 1) 
Vcc = 30 V (26 V for LM2902), RL = 2k2 
Voc = 30 V (26 V for LM2902), Ry = 10 k2 

Output Voltage—Low Limit 
Voc = 5.0 V,R, =10k2, Ta = Thigh tO Tiow (Note 1) 
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Output Source Current (Vip =+1.0 V, Vcc = 15 V) lo+ mA 
Ta = 25°C 20 40 20 40 20 40 _- 
TA = Thigh tO Tlow (Note 1) 10 20 10 20 10 20 = 
Output Sink Current mA 
Vip =-1.0V,Vcc=15V 
Tp = 25°C 10 | 20 10 | 20 10 | 20 
TA = Thigh to Tlow (Note 1) 5 8 5 8 5 8 
Vip =-1.0 V, Vg = 200 mV, Ta = 25°C 12 | 50 12 | 50 _ — LA 


Tusput Short Creu to Ground (Note 3) i= ao eo [ao feof [a0 Teo [ma 


Power Supply Current (Ta = Thigh to Tiow) (Note 1) 
Voc = 30 V (26 V for LM2902), Vg =O V,RL = 
Vecr SV, VoeoV.R = 


gee = —~55°C for LM124 Thigh =+125°C for LM124 0.3 V. The upper end of the commen Oe voltage range 
=~40°C for LM2902 = +85°C for LM2902 is Voc -1.7 V, but either or both inputs can go to +32 V 
=~25°C for LM224 and LM224 without damage (+26 V for LM2902). 
= O°C for LM324 = +70°C for LM324 (3) Short circuits from the output to Vcc can cause excessive 
(2) The input common-mode voltage.or either input signal heating and eventual destruction. Destructive dissipation 
voltage should not be allowed to go negative by more than can result from simultaneous shorts on all amplifiers. 


SINGLE SUPPLY SPLIT SUPPLIES 


3.0 V to VCC(Max.) 


=1.5 V to VCcC(Max.) 


= 1.5 V to VEE(Max.) 
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| 
[ LM124, LM224, LM324, LM2902 


REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 
(One-Fourth of Circuit Shown) Output Common to Four 
: Amplifiers 


i 
ee 


O VeEr/Gnd 


LARGE SIGNAL VOLTAGE CIRCUIT DESCRIPTION 


POPE OnE RARE SPONSE The LM124 Series is made using four internally com- 


pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
waeen function but also performs the level shifting and trans- 
[| | conductance reduction functions. By reducing the trans- 


isin conductance a smaller compensation capacitor (only-5 pF) 
LT ENE TL Z| | aan te emoioves, thus saving chip area. The transcon 
|] | | hee 


ductance reduction is accomplished by splitting the col- 
5.0 us/Div. 


1 V/Div. 


lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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LM124, LM224, LM324, LM2902 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT VOLTAGE RANGE FIGURE 2 — OPEN LOOP FREQUENCY 
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FIGURE 5 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
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LM124, LM224, LM324, LM2902 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR 


Ri : 50k 


Vref 


MC1403 


1 
Vref = 5 Vec For fg=1kHz 


R1 
Vo = 2.5 V(1 + — 
fe) ( =ey 


FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 — COMPARATOR WITH HYSTERESIS 


Hysteresis 


a 


R1 


Vint ! Vink 
Vref 


R1 
Vinl = Baa Ae (VOL ~ Vref) + Vref 


Vin = a7 a Re (YOH — Vref) + Vref 
R1 


H =———— (Voy — V 
Ai +A2 YOH™ You) 


@5 = C (1 + at b) (e2 - e1) 


FIGURE 11 — BI-QUAD FILTER 


Vref 


Q=10 
Bandpass Vref 
Output Tap = 
TN = 
C1 
(——-e Notch Output R= 160 kQ 
C= 0.001 uF 
R1= 1.6MQ 
Vref Where Tgp = Center Frequency Gain R2=1.6MQ 
Ty = Passband Notch Gain R3=1.6MQ 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-36 


Bah an Line RR ROMS Lett nw ametinnen a onmiweta F ei 2 & AY ev ww 


LM124, LM224, LM324, LM2902 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 — FUNCTION GENERATOR FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 


Triangle Wave R2 


1 
Vref * 2 Vcc Output 


R1 
Vref Vin 
Square 
Wave 
Output 
= Vref 2 
x R1+RC ae Ges R2 R1 Given fg = Center Frequency 
4CR¢ R1 R2+R1 A(fg) = Gain at Center Frequency 
Choose Value fy, C 
Then: 
Q 
R3=- 
TGC 
R3 
R11 =——_——_- 
2 A(fo) 
R1R3 
R2= 


402 R1 — R3 


For less than 10% error from operational amplifier 


Qo fo ; 
are <0.1 Where f, and BW are expressed in Hz. 


if source impedance varies, filter may be preceded with voltage 
follower buffer to stabilize filter parameters. 


SS 
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Specifications and Applications 
Information 


QUAD MC1741 OPERATIONAL AMPLIFIERS 


The LM148 series is a true quad MC1741. Integrated on a single 
monolithic chip are four independent, low power operational 
amplifiers which have been designed to provide operating charac- 
teristics identical to those of the industry standard MC1741, and 
can be applied with no change in circuit performance. In addition, 
the total supply current for all four amplifiers is comparable to 
the supply current of a single MC1741. Other features include input 
offset currents and input bias currents which are much less than 
the MC1741 industry standard. 

The LM148 can be used in applications where amplifier matching 
or high packing density is important. Other applications include high 
impedance buffer amplifiers and active filter amplifiers. 

@ Each Amplifier is Functionally Equivalent to the MC1741 

@ Low Input Offset and Input Bias Currents _ 

@® Class AB Output Stage Eliminates Crossover Distortion 
Pin Compatible with MC3503 and LM124 


True Differential Inputs 


Internally Frequency Compensated 


Short Circut Protection 


Low Power Supply Current (0.6 mA/Amplifier) 


EQUIVALENT CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


Fhe 


INVERTING 
INPUT 


(AA) MOTOROLA 


QUAD MC1741 
DIFFERENTIAL INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


J SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 
(LM248 and 
LM348 only) 


PIN CONNECTIONS 


Vcc 


Inputs 


(Top View) 


ORDERING INFORMATION | 


| Device | Temperature Range 


LM148J -55 to +125°C Ceramic DIP 


LM248J -25 to +85°C Ceramic DIP 
LM248N -~25 to +85°C Plastic DIP 
LM348J 0 to +70°C Ceramic DIP 


LM348N 0 to +70°C © Plastic DIP 
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LM148, LM248, LM348 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Output Short Circuit Duration 


Operating Ambient Temperature Range 


Storage Temperature Range 
Ceramic Package | —65 to +150 
Plastic Package —55 to +125 


Junction Temperature 
Ceramic Package 
Plastic Package 


Characteristic 


Input Offset Voltage 
(Rg < 10 k) 


Large Signal Voltage Gain A 
(Ru 2 2.0k, Vo = +10V) 


Channel Separation 
(f = 1.0 Hz to 20 kHz) 
Common Mode Rejection Ratio CMRR 
(Rg < 10 k) 
Supply Voltage Rejection Ratio 
(Rg < 10 k) 
Output Voltage Swing 
(Ry > 10k) 
(Rp > 2k) 


[Small Signal Bandwicth (Ay=1)__—SSSS~d i 
[Phase Margin (Ay= 1) 


Input Offset Voltage 
(Rg < 10 kQ) 
Input Offset Current 
LM148 
LM248 
LM348 


Input Bias Current 
LM148 
LM248 
LM348 


LM148 
yp 


w 


Typ 


| 


Ne) _ 
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Symbol 
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Common Made tnput Voltage Range 
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Large Signal Voltage Gain 
(Ru > 2k, Vo =+10V) 


Common Mode Rejection Ratio CMRR 70 
(Rg < 10 k) ia 


< 


Supply Voltage Rejection Ratio 
(Rg < 10 k) 


< 
NI 
~ 


Output Voltage Swing V 
(R_ > 10k) +12 413 
(RL. > 2k) +10 +12 


*Thigh = 125°C for LM148, 85°C for LM248, and 70°C for LM348. Toy = -55°C for LM148, -25°C for LM248, and 0°C for LM348. 


NOTE: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted 
or the maximum junction temperature will be exceeded. 
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LM148, LM248, LM348 


Vo, OUTPUT VOLTAGE (Vp.p) 


Vg. OUTPUT VOLTAGE (Vp-p) 


“ Cth 


2 
a 


> 
Oo 


TYPICAL. CHA 


RACTERISTICS 


Pe = +15 Vdc, Veg = -15 Vdc, Ta = +25°C unless otherwise noted). 


FIGURE 1 — POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 
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FIGURE 3 — POSITIVE OUTPUT VOLTAGE SWING 
. versus LOAD RESISTANCE 
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Ri, LOAD RESISTANCE (OHMS) 


—-5.0k7.0k 10k 


FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 
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FIGURE 4 — NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 5 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 
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Vo, OUTPUT VOLTAGE SWING (Vp.p) 


0 10 20 30 40 
Ri, LOAD RESISTANCE (kSQ) 
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LM148, LM248, LM348 


FIGURE 7 — OPEN LOOP VOLTAGE GAIN 
FIGURE 6 — NONINVERTING PULSE RESPONSE versus SUPPLY VOLTAGE 


5.0 V/DIV 


Ay, VOLTAGE GAIN (dB) 


10 ys/DIV 
0 20 40 60 80 0 12 114 16 18 20 
Vcc, IVEEI, SUPPLY VOLTAGES (VOLTS) 
APPLICATIONS INFORMATION 
FIGURE 8 — VOLTAGE REFERENCE FIGURE 9 — WIEN BRIDGE OSCILLATOR 


MC1403 


R1 
Ves 5S V4 3 
o R2 


FIGURE 10 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 11 — COMPARATOR WITH HYSTERESIS 


Hysteresis 


VOH ea 


Vo 


Vv 
he Vine ! Vink 


Vref 


(VoL — Vref) + Vref 


_ RI 
Vin = Ra 4 R2 
RI 
VinH~ R74 R2 


(Vou — Vref) + Vref 


@g = C (1 +a+b) (e2 - e1) 


R1 
Feel Aa V 
H =Car OH Ou) 
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LM148, LM248, LM348 | are aaa 


FIGURE 12 — HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER 


ts 


FIGURE 13 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


1 
Vref = 3 Yee 
Vref 


Square Wave 
Output 


FIGURE 14 — BI-QUAD FILTER 


DV ref 


Q=10 
Bandpass Vref 
Output Tgp = 
TN = 


C1 


R= 160k2 (———@ Notch Output 
C = 0.001 wr 1 
R1= 1.6M2 Mret> 5 Voc 
R2=1.6MQ Vref Where Tgp = Center Frequency Gain 
R3= 1.6MQ 


Ty = Passband Notch Gain 
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LM148, LM248, LM348 


FIGURE 15 — ABSOLUTE VALUE DVM FRONT END 
0.5 uF 


500 k 


-MSD6150 ul 
1/4 
LM148 
+ 
0 


.5 MF 2 |MC1505 


1M Common ae — 


+ . 
— Polarity 


A7 k Mode Adjust 


LM148 Quad Op-Amp 


500 k 
Bridge Null Adjust 


VEE 
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LM158, LM258, 


LM358, LM2904 


Specifications and Applications 
Information 


| DUAL LOW POWER OPERATIONAL AMPLIFIERS 


Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VEE_E, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MC1558 dual operational 
amplifier. The LM158 Series is equivalent to one-half of an LM124. 

These amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
Operate at supply voltages as low as 3.0 Volts or as high as 32 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes. the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 


Short Circuit Protected Outputs 

True Differential Input Stage 

Single Supply Operation: 3.0 to 32 Volts 

Low Input Bias Currents 

Internally Compensated 

Common Mode Range Extends to Negative Supply 
Single and Split Supply Operation 

Similar Performance to the Popular MC1558 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted 


Power Supply Voltages 
Single Supply 
Split Supplies 


Input Common Mode Voltage Range (2) -~0.3 to 32 | -0.3 to 26 Vde 


Input Forward Current (3) lig 50 mA 
(V) <-0.3 V) 


Output Short Circuit Duration ts 


Junction Temperature Ty 2G 
Ceramic and Metal Packages 175 
Plastic Package 150 


Storage Temperature Range 
Ceramic and Metal Packages : —65 to +150 
Plastic Package ns ~55 to +125 


Operating Ambient Temperature Range 
LM158 -55 to +125 
LM258 -25 to +85 
LM358 0 to +70 
LM2904 — 


(1) Split Power Supplies. 

(2) For Supply Voltages less than 32 V for the LM158/258/358 and 26 V for the LM2904, 
the absolute maximum input voltage is equal to the supply voltage. 

(3) This input current will only exist when the voltage is negative at any of the input leads. 
Normal output states will reestablish when the input voltage returns to a voltage greater 
than -0.3 V. 


(MA) MOTOROLA 


DUAL DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


ip H SUFFIX 
NG 
W) METAL PACKAGE 


CASE 601-04 


Inputs A Inputs B 


(Top View) 


J SUFFIX 
CERAMIC PACKAGE r 
CASE 693-02 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 
» (LM258, LM358, LM2904 only) 


Piwasen [251018506 | Metal Gan | 
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LM158, LM258, LM358, LM2904 


ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted) 


LM158/LM258 LM358 LM2904 
Characteristic Symbol Uni 


Input Offset Voltage 
Vcc = 5.0 V to 30 V (26 V for LM2904), 
Vic =OVtoVcc-1.7V, Vo 214V,R5=02 
Tp = 25°C 
TA = Thigh tO Tiow (Note 1 


| 
< 
xe) 
«| 
< 
Ss 


= 
fe) 


_ 
jo) 
So 
Oo Oo 


on 
oo 


) 
Average Temperature Coefficient of Input Offset Voltage AV1Q/AT 


Input Offset Current 

TA = Thigh tO Tiow (Note 1) 
Average Temperature Coefficient of Input Offset Current AljOQ/AT 
Input Bias Current 


Input Common-Mode Voltage Range (Note 2) 
Vec = 30 V (26 V for LM2904) 
Voc = 30 V (26 V for LM2904), Ta = Thigh to Tlow 


Differential Input Voltage Range 


= 
oo) 
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Large Signal Open-Loop Voltage Gain 
Ry = 2.0k2, Vcc = 15 V, For Large VQ Swing, 
TA = Thigh tO Tlow (Note 1) 


Channel Separation 
1.0 kHz < f < 20 kHz, Input Referenced 
CMRR 


> 

< 

‘e) 

f— 
nN oF 
oO 
NO 
on 
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Oo 
i Oo 
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N o oO = 


pfs | 
~S 
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Common-Mode Rejection Ratio 
Rg < 10 kQ 


Power Supply Rejection Ratio 


Output Voltage Range VoR 3.3 
RL =2kQ (Ry >= 10 kQ for LM2904) 


Output Voltage—High Limit (Ta = Thigh to Tiow) (Note 1) 
Vcc = 30 V (26 V for LM2904), RL = 2k 

Vec = 30 V (26 V for LM2904), Ry = 10 k2 
Output Voltage—Low Limit 
Vec = 5.0 V,R_ = 10k, Ta = Thigh to Tiow (Note 1) 


nN ao 
—) w& 
WO 

w& 

|< 


Output Source Current lo+ 20 20 1 20 mA 
Vip =+1.0V,Vee= 15 Vv ‘ 
Output Sink Current : 

Vip =-10V,Vcc=15V 10 20 10 20 f 10 20 mA 
Vip =-1.0 V, Vo = 200 mV 12 50 12 50 a ai uA 
Carput Share Greit  Grovnd Waves a 

Power Supply Current (Ta = Thigh tO Tiow) (Note 1) Icc | mA 
Vcc = 30 V (26 V for LM2904), Vo =OV,RL =” 1.5 3.0 1.5 3.0 1.5 3.0 
Veo 5 Vor0 Vv. Ris 0.7 1.2 0.7 1.2 0.7 1.2 

NOTES: 

(1) Tiow = - 55°C for LM158 = Thigh = + 125°C for LM158 0.3 V. The upper end of the common-mode voltage range 
= -40°C for LM2904 = +85°C for LM2904 is Voc -1.7 V, but either or both inputs can go to +32 V 
= -25°C for LM258 and LM258 without damage (+26 V for LM2904). 
= 0°C for LM358 = +70°C for LM358 (3) Short circuits from the output to Vcc can cause excessive 

(2) The input common-mode voitage or either input signal heating and eventual destruction. Destructive dissipation 

voltage should not be allowed to go negative by more than can result from simultaneous shorts on all amplifiers. 


SINGLE SUPPLY SPLIT SUPPLIES 


3.0 V to Vcc (Max) 
li Vcc 


= 1.5 V to Vec (Max) 


= 1.5 V to Veg (Max) 


x. VegE/Gnd 
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L158, LM258, LM358, LM2904 


REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 
(One-Half of Circuit Shown) Output 


Common to Both 
Amplifiers 


1 
: a 2 
ane 


Q13 


25 


0 VegE/Gnd 


LARGE SIGNAL VOLTAGE CIRCUIT DESCRIPTION 


FOLLOWER RESPONSE Los . : 
The LM158 Series is made using two internally com- 


pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


Vcc = 15 Vde 
RL =2k2 


1 V/Div. 


Ee ee tl ae! 
REE ZE 
p[ het | 


5.0 us/Div. 


I ss 
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LM158, LM258, LM358, LM2904 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT VOLTAGE RANGE FIGURE 2 — OPEN LOOP FREQUENCY 

+20 = 120 

£18 
* dae = 3 100 
ae bestia! | | | gem 
ee Poe ae 2 ea, see 
= 10 to aa oem 
S si Le oe SS a ee ee 22 0 
“CTT PRETTY) &, 
Sl ee a z 

ilo [ae ae ae 0 

eA ne ae 0 
0 +20 +40 +60 +80 +10 +12 +14 +16 +18 +20 1.0 10 100 1.0k 10k 100k = 1.0M 
Vcc/VEE, POWER SUPPLY VOLTAGES (VOLTS) f, FREQUENCY (Hz) 
FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE 
(Non-Inverting) 
“o. 
: : 
3 : 
: z 
@ =) 
: 3 
> 2 
Sn 
°C 
1.0 10 100 1000 zr 10 20 30 40 50 60 70 80 
f, FREQUENCY (kHz) t, TIME (us) 
FIGURE 5 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


PR ERURRELESE 
0 5.0 10 15 20 25 30 35 


Vcc, POWER SUPPLY VOLTAGE (VOLTS) Vcc, POWER SUPPLY VOLTAGE (VOLTS) 


eae 
Li 
RReEe 
Bi ae 


~ 
for] 
i—) 


icc, POWER SUPPLY CURRENT (mA) 
1p, INPUT BIAS CURRENT (nA) 
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LM158, LM258, LM358, LM2904 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR 


R1 


MC1403 


fo = 1kHz 
R= 16k22 
C= 0.01 uF 


R14 
Vo=25V(1+— 
O R2) 


FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 — COMPARATOR WITH HYSTERESIS 


Hysteresis 
VOH ier 
R1 { 
Vref O Vo 
0 
Vin O Vo 
VOL 


Vint VinH 
Vref 


R 
Vink 674 po (VOL Vref) * Vet 


VinH= 7a Ro (VOH ~ Vref) + Veet 
R1 


H = (Voy ~ VoL) 
R1+R2 OCH” “OL 


€g = C (1 +a +b) (e2 - et) 


FIGURE 11 — BI-QUAD FILTER 


Wear fo on kHz 
Q=10 
Bandpass Vref 
Output Tpp=1 
TN = 4 
C1 
(———@ Notch Output R = 160 kQ 
C = 0.001 uF 
R1= 1.6M2 
Views Where Tgp = Center Frequency Gain R2=1.6MQ 
Ty = Passband Notch Gain R3=1.MQ 
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LM158, LM258, LM358, LM2904 


APPLICATIONS INFORMATION (continued) 
FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 


4 
Vret = 3 Vice Output 


Vref 


_R1+RC ; aah? R1 
4 CR; RI1 R2+ R1 


FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 


Ri 


C-eVo 
Co 


ae Co” 10C 


q 
— V ref Vref * 5 Vcc 


Given fy = Center Frequency 
A(fg) = Gain at Center Frequency 


Choose Value fy, C 


Then: 
Q 
R3 = 
Tf oC 
R3 
R11 =———— 
2 Alfo) 
R1R3 
R2= 


402 R1 — RB 
For less than 10% error from operational amplifier 


Qo fo 


aw <0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with voitage 
follower buffer to stabilize filter parameters. 


i 
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INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 


A general purpose operational amplifier series well suited for 
applications requiring lower input currents than are available with 
the popular MC1741. These improved input characteristics permit 
greater accuracy in sample and hold circuits and long interval 
integrators. 


@ Internally Compensated 

@ Low Offset Voltage: 7.5 mV max 
@ Low Input Offset Current: 50 nA max 
@ Low Input Bias Current: 250 nA max 


TYPICAL APPLICATION 
HIGH IMPEDANCE BRIDGE AMPLIFIER 


Vo = ~— 10 Vin 


Null 
Adjust 


CIRCUIT SCHEMATIC 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


(Top View) 


ORDERING INFORMATION 


Temperature 
Range Package 


LM307N| O0°C to +70°C 


Plastic DIP 


EQUIVALENT CIRCUIT 


Pins 1,5, and 8 
no connection. 
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LM307 


MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


CSCS ating | Symbot | ez07 | Unit | 


Power Supply Voltages 


Differential Input Signal Voltage 


Common-Mode Input Swing (Note 1) 
Power Dissipation (Package Limitation) (Note 2) | Pp =| 500 S| mw 
Operating Temperature Range 
Storage Temperature Range 


Characteristics 


Input Offset Voltage 
Rs < 50 kO, Ta = + 26°C 
Rs < 50 kQ, Ta = Tow to Thig 


Input Offset Current 
Ta = +25°C 
TA = Tlow to Thig 


Input Bias Current 
Ta = +25°C 
TA = Tow t0 Thig 


Input Resistance 


Supply Current 
Vs = +15V, Ta = +25°C 
Large-Signal Voltage Gain 
Vs = +15V,Vo = +10V, RL > 2.0 kQ, Ta 
Vs = +15V,Vo = +10V, Ry > 2.0 kf, Ta 
Average Temperature Coefficient of Input Offset Voltage 
Tlow = TA § Thigh 
Average Temperature Coefficient of Input Offset Current 
+ 25°C < Ta < Thigh 
Tiow = TA = +25°C 


+ 25°C 
Tlow 


It 


It 


Output Voltage Swing (Ta = Tow to Thigh) 
Vs = +15V,RL = 10 kO 


Vo 
+12 

RL = 2.0 kQ +10 | + 
Input Voltage Range (Ta = Tjow to Thigh) VICR +12 Ve 

Vs = +15V 
.Common-Mode Rejection Ratio (TA = Tiow to Thigh) CMRR 70 
~ Rg < 50k 

Supply-Voltage Rejection Ratio (TA = Tiow to Thigh) PSRR 70 

Rs =< 50 kQ 


Symbols conform to JEDEC Engineering Bulletin No. 1 when applicable. for the LM307. The H package is derated based on a thermal 

Note 1. For supply voltages less than +15 V, the absolute maximum resistance of +150°C/W, junction to ambient, or + 45°C/W, 
input voltage is equal to the supply voltage. junction to case. 

Note 2. For operating at elevated temperatures, the device must be Note 3. Unless otherwise noted, these apeciicalions apply for: 
derated based on a maximum junction temperature of 100°C +5.0 V < VCC/VEE < +15 V, Tlow = 0°C, Thigh = +70°C 


er el 
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LM307 


TYPICAL CHARACTERISTICS 
(Vcc = +15 V, Veg = —15V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — MINIMUM INPUT VOLTAGE RANGE FIGURE 2 — MINIMUM OUTPUT VOLTAGE SWING 


Applies over specified 
Operating Temperature 
Range 


Vin Ry INPUT VOLTAGE RANGE (VOLTS) 
Vo, OUTPUT VOLTAGE SWING ( + VOLTS) 


0 5.0 10 15 
Vcc AND (— Veg), SUPPLY VOLTAGES (VOLTS) 


FIGURE 4 — TYPICAL SUPPLY CURRENTS 


Applies over specified 
Operating Temperature 


Ay, VOLTAGE GAIN (dB) 
Icc AND leg, SUPPLY CURRENTS (mA) 


COSTE Tn 
Conn 


10M 10M 100M 1.0 k 1 


TL 
YL 


LY 
JY 
smn 


10M 


/ 


FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE 
+180 
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LM307 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — VOLTAGE FOLLOWER PULSE RESPONSE 
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ORDERING INFORMATION Ae 
Device Temperature Range Package 
MC1436P1 0°C to + 70°C Plastic DIP 


MC1436 MC136CP1 0°C to +70°C Plastic DIP 


MC1436G 0°C to + 70°C Metal Can 


oo so ebtly BE Te Sree 
C1536 Nese” tote “ave “Mou ean 


MC1536U —55°C to +125°C Ceramic DIP 


HIGH VOLTAGE, INTERNALLY COMPENSATED 
OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER 


... designed for use as a Summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 


@ Maximum Supply Voltage — +40 Vdc (MC1536) 
@ Output Voltage Swing — 

+30 Vok(min) (Vcc = +36 V, VEE = -36 V) (MC 1536) 

+22 Vpk(min) (Vcc = +28 V, VEE = -28 V) G SUFFIX 
Input Bias Current — 20 nA max (MC1536) METAL PACKAGE 
Input Offset Current — 3.0 nA max(MC1536) C. CASE 601-04 
Fast Slew Rate — 2.0 V/us typ 
Internally Compensated 


Offset Voltage Null Capability 

Input Over-Voltage Protection X/ Cs) 

AVOL — 500,000 typ 

Characteristics |lndependent of Power Supply Voltages — : (3) (5) 
o 


(45.0 Vdc to + 36 Vdc) Offset 


SILICON MONOLITHIG 
INTEGRATED CIRCUIT 


FIGURE 1 — DIFFERENTIAL AMPLIFIER WITH + 20 V 
COMMON-MODE INPUT VOLTAGE RANGE 


R2 
100 k 


P SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 


MC1536 CASE 626-04 CASE 693-02 
MC 1436, C 
Vo = 10 (VB-Va) 


FIGURE 2 — TYPICAL NONINVERTING X10 FIGURE 3 — LOW-DRIFT SAMPLE AND HOLD 
VOLTAGE AMPLIFIER 


+28 V 
790+28V 


MC 1536 
MC1436,C SWITCH 


1.0 pF 
Polycarbonate “Drift due to bias current 
SAMPLE is typically 8 mV/s 


COMMAND = 
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MC1436, MC1436C, MC1536 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


= a9 


Power Supply Voltage Vcc +40 Vde 
VEE ~40 


Input Common-Mode Voltage Range +Vcc, - (Veg-3) 
Output Short Circuit Duration (Vcc = VEE = 28 Vde, Vo = 0) 
Derate above Tp = +25°C 4.6 mw/°C 


Storage Temperature Range 


MC1436 


ail 


Input Bias Current 
Ta = +25°C 
TA = Tlow tO Thigh (See Note 1) 


Input Offset Current 
Ta = +25°C 
Ta = +25°C to Thigh 
Ta = Tow to +25°C 
Input Offset Voltage 
Ta = +25°C 
Ta = Tlow to Thigh 
Differential Input Impedance (Open-Loop, f <5.0 Hz) 
Parallel Input Resistance 


Parallel Input Capacitance 
Common-Mode Input Impedance (f < 5.0 Hz) 


Input Common-Mode Voltage Range 


Equivatent Input Noise Voltage 
(Ay = 100, Rg = 10 k ohms, f = 1.0 kHz, BW = 4.0 Hz) 


Common-Mode Rejection Ratio (dc) CMRR tet 5 es es ee 


Large Signal dc Open Loop Voltage Gain AVOL VIV 
Ta = +25°C 100,000 | 500,000 70, 000 500,000 50,000} 500,000 
(Vo = + 10 V, Ru = 100 k ohms) a 
Ta = Tlow tO Thigh 50,000 50,000 - - 
(Vg=+t10V, Ry = 10k ohms, Ta = +25°C) 200,000 200,000 
Power Bandwidth (Voltage Follower) 
(Ay = 1, Rt = 5.0k ohms, THOS 5%, Vo = 40 Vp-p): 


a EH 
SS 
peewee OSC mw | Po 
Son Rte (Un Ga Ce a ed 

er a A SC 
Sore Greon Output arent OS MEL ER MS 


Output Voltage Range (Ry = 5.0 k ohms) 
Vcc = +28 Vdc, VEE = -28 Vdc +22 +23 +20 +22 
Vcc = +36 Vdc, Veg = -36 Vde +30 +32 


Power Supply Sensitivity (dc) 


mR TN = é ‘ 
= oe 
+ © 


VEE = constant, R, < 10 k ohms 
Vcc = constant, R, S$ 10 k ohms 


Power Supply Current (See Note 2) 


DC Quiescent Power Consumption 


(Vg = 0) 
Note 1: Tigw: O°C for MC1436,C Note2) Vcc = VEE = 5.0 Vdc to 36 Vde for MC1536 
-55°C for MC1536 Vec = VEE = 5.0 Vde to 30 Vde for MC1436 

Thigh +70°C for MC1436,C Vcc = VEE = 5.0 Vdc to 28 Vdc for MC1436C 


+125°C for MC1536 
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: | MC1436, MC1436C, MC1536 


| FIGURE 4 — POWER BANDWIDTH FIGURE 5 — PEAK OUTPUT VOLTAGE SWING, versus 
POWER SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE (Vp.p) 
S 


Vo, OUTPUT VOLTAGE SWING (VOLTS PEAK) 


mist I 
a ge 
2 a ee ae 
40 6.0 8.0 10 20 40 60 80100 200 400 Vcc. VEE, POWER SUPPLY VOLTAGE (Vdc) 
f, FREQUENCY (kHz) 
FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 7 — OUTPUT SHORT-CIRCUIT CURRENT 


versus TEMPERATURE 
32 


28 
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FIGURE 8 — INPUT BIAS CURRENT versus TEMPERATURE 
3.2 


itp, INPUT BIAS CURRENT (NORMALIZED) 
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MC1436, MC1436C, MC1536 


FIGURE 9 — INVERTING FEEDBACK MODEL FIGURE 10 — NON-INVERTING FEEDBACK MODEL 


= (F Ag (Ww) v0 IF R3<< 2] 
Vo _ 22 
Vi ZY ia 
When 
Ag (w)-e oo 


FIGURE 11 — AUDIO AMPLIFIER FIGURE 12 — VOLTAGE CONTROLLED CURRENT 
SOURCE or TRANSCONDUCTANCE AMPLIFIER 


100 k WITH 0 TO 40 V COMPLIANCE 


Vcc = +30 Vde 


CURRENT DRAIN, 


Ip = 100 mAdc @ 
R1=512 
01, 02,03 = 1N4001 


——--— COMMON 
HEAT SINK 
2N3766 ” 
OR EQUIV 
Vo = 48 Vp-p 
Po = 72 W (rms) @ Rt FAQ 


Po = 36 Wirms) @ RL = 882 


| 
0.1 uF Vi Ate =2 mA/V 


_ RIRTC (R3 + R4) 
R1I(RTc + R3) -R2 R4 


47 


Vee = -30 Vde 


FIGURE 14 — EQUIVALENT CIRCUIT 


FIGURE 13 — REPRESENTATIVE CIRCUIT SCHEMATIC 


INPUT © 
OOUTPUT Vj O6 
INPUT © Vo 
3 
NON 
INVERTING 


OFFSET 
i  — | ADJUST 


OFFSET 05 40 VEE 
ADJUST 
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ORDERING INFORMATION 


| Device Temperature Range Package 

| MC1437L O°C to +70°C Ceramic DIP 

: MC1437P 0°C to +70°C Plastic DIP 
MC1537L — —55°C to +125°C Ceramic DIP 


MATCHED DUAL OPERATIONAL AMPLIFIERS 


DUAL MC1709 


. . . designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback OPERATIONAL AMPLIFIERS 
components. Ideal for chopper stabilized applications where ex- 
tremely high gain is required with excellent stability. SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Typical Amplifier Features: 

@ High-Performance Open Loop Gain Characteristics — 

AVOL = 45,000 typical 
@ Low Temperature Drift — +3 uV/°C 


@ Large Output Voltage Swing — 
+14 V typical @ + 15 V Supply 


MAXIMUM RATINGS (T, = +25°C) 


irl 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


(MC1437P only) 


Differential Input Voltage Range . g 
Common-Mode Input Voltage Range VicR 


Power Dissipation (Package Limitation) 
Ceramic Package 
Derate above Tp = +25°C 
Plastic Package MC 1437P 


Derate above Ta = +25°C 
14| Vec 


5.0 
Operating Ambient Temperature Range Ta °C 
MC1537 -55 to +125 
MC 1437 0 to +70 Output 


13 
Storage Temperature Range -65 to +150 Lag B 
12] Output B 


Input Lag A| 3 
Input Lag A | 4 Input Lag B 


Inv. Input | 5 f- Input Lag B 
6 


Non Inv. Inv. Input 


»] Non Inv. 
VEE Input 


Input Lag o 
Non-Inverting 8 


Inverting Input o 
Non-Inverting 

Input 2 0 

Input Lago 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 
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ELECTRICAL CHARACTERISTICS - Each Amplifier (Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


Cras ene 


Open Loop Voltage Gain 
(Ry =5.0k2,Vg=+10V, 


el 
Unit 


AVOL 
25,000 45,000 | 70,000 15,000} 45,000 


TA = Tow to Thigh @) 


Output Impedance 
(f = 20 Hz) 


N 


{nput Impedance 
(f = 20 Hz) 

Output Voltage Range 
(Rp = 10 k$2) 
(Ru = 2.0 k&2) 


input Bias Current 
(i: I, + 2) (Ta = +25°C) 
(Ta = Tow O) 

Input Offset Current 
(Wg =!4- 12) 
Wo ='4-12,TA = Tow) 

(ig =14-12, Ta = Thigh @) 

Input Offset Voltage 
(Ta = +25°C) 


(Ta = Tow Oto Thigh Q@) 


Step Response 
Gain = 100, 5% overshoot, 


Ry =1kQ2, Ro = 100k, 
R3 °°: 1.5k{2,Cq = 100pF, Co = 3.0 pF 


V peak 


V peak 


© 
on 


© 
1 too 

a 
Oo Oo 
NON 
om 


= 
oe) 


'TLH 
tPLH tPHL 
SR 


i 


Gain tTLH 
'tPLHTPHL 


SR 


10, 10% overshoot, 
Rae KS Ro = TO KS, 
R3= 1:5 ko), Cy = S00 pF, Co =20pF 


'TLH 


eal = 1, 5% overshoot, 
eo ee 


Rye 1OKo Ros 10K, 
R3=1.5ks82, Cz = 5000 pF, Co = 200 pF 


Average Temperature Coefficient of 

Input Offset Voltage 

(Re =50:82, Tai= Tlow ® to Thigh Q) 

(Rg $10k82, Ta - Tlow@ to Thigh @) 

Average Temperature Coefficient of 
Input Offset Voltage 

(Ta = Tow @ to +25°C) 

(Ta = +25°C to Thigh @ 

DC Fower Consumption (Total) 
(Power Supply = +15 V, Vo = 


4ViQ/4T 


AlIQ/AT 


Oo ° oS 
NON ou 


160 225 


V/PC 
A/C 


Positive Supply Sensitivity PSS+ 150 10 
(Veg constant) 
Negative Supply Sensitivity PSS-~ 150 oo al uV/V 
(Vee constant) 
® tow = 0°C for MC1437 @ Thigh = +70°C for MC1437 
= -55°C for MC1537 = +125°C for MC1537 


MATCHING CHARACTERISTICS 


Channel Separation 
(f = 10 kHz) 
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MC1437, MC1537 


TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 3 — TEST CIRCUIT 
Vec =+15 Vdc, Vee = 15 Vdc, Ta = 25°C 


OUTPUT 
CURVE |VOLTAGE TEST-CONDITIONS NOISE 
NO. N | y(2) | Ro(2) | R3(S2) | Ca(oF (mV Gms) 


FIGURE 4 — LARGE SIGNAL SWING 
versus FREQUENCY 


ae ee Blill at 
a 
= +10 
wi +8.0 
= +6.0 
a ot ‘ eee 
2 +2.0 
aon Gall mull 
Sail TH 
ed IN nl) 
oe) | Cah ar al 
ee, OO 1 aN stat AN 
S _19 | | oft fill A AL TT 
yt EU TAT Hm Hit 
“ya LLUUT PT TTI Baill | AU 
10 100 1.0 k 10k 100 k 1.0M 10 100 1.0 k 10 k 100 k 1.0m 
f, FREQUENCY i(Hz) ee f, FREQUENCY (Hz) 
FIGURE 6 — OPEN LOOP VOLTAGE GAIN FIGURE 7 — TOTAL POWER CONSUMPTION 
versus FREQUENCY versus POWER SUPPLY VOLTAGE 
100 500 
NL | 
, aS CSUN of 
CCMA = EE 
= G 
: nh * IN | s | 
$ TINS ath | | Sg eee eee 
: MONT oS 
2 40 LS a hh. Hd © 50 a 
= at (lj oh 
S iil it We ~ ur nn Z 3 | CAUTION: ADDITIONAL POWER 
i UM. Bail NS 2 | A DISSIPATION RESULTING FROM 
ay alll cer /|__ dRIVING LOW IMPEDANCE LOADS —__ 
MUST BE ADDED TO THE ABOVE 
| 10 
10 100 10k 20k 50k10k - i 1.0M 40 6.0 8.0 10 12 14 16 18 


f, FREQUENCY (Hz) Vcc and Veg, POWER SUPPLY (Vdc) 
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MC1437, MC1537 


AVig, INPUT OFFSET VOLTAGE CHANGE (mV) 


Avg, OPEN LOOP VOLTAGE GAIN (dB) 


10,000 


@92, INDUCED OUTPUT SIGNAL (uV/V) 


1000 


100 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 — VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 


0 5.0 10 15 
Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


60 ~-40 -20 0 +20 +40 +60 8 +80 
Ta, AMBIENT TEMPERATURE (°C) 


+100 +120 


CMV;,, COMMON MODE VOLTAGE SWING (VOLTS) 


FIGURE 9 — COMMON INPUT SWING 
versus POWER SUPPLY VOLTAGE 


5.0 10 15 20 
Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 — OUTPUT NOISE VOLTAGE 
versus SOURCE RESISTANCE 


ED Ges GOS Gas ae 
cn on Ge a ae 2 8 
— ao ee oun a 

|_| 


1.0 k 10 k 
Ro, SOURCE RESISTANCE (OHMS) 


FIGURE 12 — INDUCED OUTPUT SIGNAL 
(CHANNEL SEPARATION) versus FREQUENCY 


= 2 2 © 6 Ee Cee See as oe So 


00 1.0 k 10k 
f, FREQUENCY (Hz) 


Induced output signal (uV of induced output signal in 
amplitier #2 per volt of output signal at amplifier #1). 
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ORDERING INFORMATION 


: | Device Temperature Range Package 
MC1438R . MC1438R 0°C to +70°C Metal Power 

MC1538R —55°C to +125°C Metal Power 
MC1538R gc ee 


OPERATIONAL AMPLIFIERS 
POWER BOOSTER 


POWER BOOSTER 


The MC1538/MC1438 is designed as a high current gain amplifier 
(70 dB), with unity voltage gain that can deliver load currents up to 
+300 mAdc. This device is ideally suited to follow an operational 
amplifier (such as MC1556/MC1456) for driving low impedance loads 
and improving the overall circuit performance. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


High Input Impedance — 0.4 Meg-Ohm typ — when driving the 
MC1538/MC1438, the gain of an operational amplifier will 
approach the unloaded open-loop gain. Internal power dissipa- 
tion of the operational amplifier will be independent of output 


: R SUFFIX 
voltage and therefore thermal drift will be reduced. 


CASE 614-02 


Large Power Bandwidth — 1.5 MHz typ — considerably better than 
present operational amplifiers. Bandwidth and slew rate will be 
limited by the operational amplifier, not the MC1538/MC1438. 


@ Low Output Impedance — 10 Ohms typ — allows the MC1538/ CAG 
MC 1438 to drive a capacitive load with greatly reduced phase 
shift compared with an operational amplifier. Output voltage 
swing capability is much increased when driving small load im- 


pedances. 


Positive Current 
Sense 


Negative 
Current Sense 
Negative Negative Current 

Output Limit Adjust 


Compensation 


Adjustable Current Limit — +5.0 mAdc to £300 mAdc 
Excellent Power-Supply Rejection — 1.0 mV/V typ 
Current Gain — 3000 typ 


TYPICAL APPLICATIONS 
OPERATIONAL AMPLIFIER BOOST CIRCUIT DIGITAL OR ANALOG LINE DRIVER 


Vcc 


nea 


Re 
O 
O 

O 
MC1538R/ 
Op- Amp O——O—_ Mc1438R 


MC 1438R/ 
MC 1538R 


- Rp 10k 


() 
~~ ~ mc15566/ 
MC1456G 
Po 


MC 1538R/ 
OH + MC 1438R 


MC 1556G/ 
MC 1456G 


MJE 105 or equiv 
F470 pF 


Under some conditions of circuit layout and loading, the MC1538R/MC1438R will oscillate when driven into current limiting. Oscillation during 
positive current limiting can usually be suppressed by placing a 0.02 uF capacitor between Pins 7 and 5. Oscillations during negative current limit 
can usually be suppressed by placing a 0.02 MF capacitor between Pins 1 and 2. 100 Ohms in series with this capacitor will reduce any cross-over 
distortion occurring when driving extremely low impedance loads. 
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MC1438R, MC1538R 


MAXIMUM RATINGS (Tc = +25°C unless otherwise noted.) 


Se 


VEE -22 -18 


Power Dissipation @ Ta = +25°C | Pp 3.0 
Derate above Tp = +25°C 1/Re sa 24 
Power Dissipation @ Tc = +25°C Tp) 17.5 
Derate above Tc = +25°C 1/Re jc 140 
Operating Ambient Temperature Range MC1438R Ta 0 to + 70 . es os 
MC1538R -55 to +125 
Operating and Storage Junction Temperature Range - Ty,T stg -65 to +150 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 
(R= 300 ohms, Tc = +25°C unless otherwise noted.) 


Pe cis38R MC1438R 
(§.0V <Vcc= VEE! < 20V Vcc = +15 V.Veg = -15 V 
Typ 


Characteristic (Linear Operation) 


Voltage Gain (f = 1.0 kHz) 
Current Gain (Ay = Alg/Al)) 
Output Impedance (f = 1.0 kHz) 


a 
i 
ee 
input impedence = 04H) [1 
[ae 


Output Voltage Swing (See Note 3) 


18) 
° 
f=) 
jo) 


Input Bias Current 
Power Bandwidth (See Note 3) BWp 
(Vo = 20 Vp.5, THD = 5%) 


Output Offset Voltage 
Total Harmonic Distortion(Note 3) THD 
(f = 1.0 kHz, Vo = 20 Vp-p) 
los 


Small Signal Bandwidth 
(Ry = 300 ohms) 
(V, = 0 Vdc, Vj = 100 mV [rms] ) 
Output Short-Circuit Current 
(R1=R2= 0) 
(R1 = R2 = 3.3. ohms) 


Adjustable Range 


Power Supply Sensitivity 
(VEE constant) 
(Vcc constant) 


Power Supply Current lcc 2.5 
(Ry, Vy = 0) lEE 

Power Dissipation (See Note 3) 3. Pc 75 
(Ru ~, Vy = 0) | 


Note 1. Output offset Voltage is the quiescent dc output voltage with the input grounded. 
Note 2. Short-Circuit Current, Isc, is adjustable by varying R1, R2, R3 and R4. The positive current limit is set by R1 or R3, and 

the negative current limit is set by R2 or R4. See Figures 4 and 5 for curves of short-circuit current versus R1, R2, R3 and R4. 
Note 3. Vcc= +15 V, Veg =-15V. . . 
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MC1438R, MC1538R 


TEST CIRCUITS 4 
FIGURE 1 FIGURE 2 FIGURE 3 


Vcc VCC 


+ !cc 
Bi A: 
6 
MC1538R/ 


7 
MC1438R 


MC1538R/ 


MC1438R =H 


CIRCUIT SCHEMATIC 


~ 


05 Positive Current 


07 Positive Current 
Limit Adjust 
0 
0 6 Positive Output 
Sense 


Input 90 = 
ee O04 Negative Current 
Sense 


| 03 Negative Output 
0 . 
4.45 k . 
O2 Negative Current 
10V Limit Adjust 
300 
VEE o** 


O Case © 


v | (bottom view) 
Compensation —. case is connected to VEE 


~~ 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


‘FIGURE 4 — SHORT-CIRCUIT CURRENT versus R1 OR R2 FIGURE 5 — SHORT-CIRCUIT CURRENT versus R3 OR R4 
(100. mA to 300 mA) . : (5.0 mA to 100 mA) 


imits Ic 
imits leg 


lec OR tee OUTPUT CURRENT (mAdc) 
Icc OR leg OUTPUT CURRENT (mAdc) 


. 0 20 40 ee | Ty 
R1 OR R2 (OHMS) 3 OR Ré (OHMS) 
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MC1438R, MC1538R 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 6 — POWER SUPPLY 
CURRENT versus SHUNT RESISTANCE FIGURE 7 — SMALL SIGNAL GAIN AND PHASE RESPONSE 


0 
-1.0 


x?) 

no) 

<< 

E 

- so a 

er = 30 

S aoe Ne: 
<x uw 

z oe -4.0 \ NA 492 

> = 

x 3 PNA 

2 + -5.0 \ ra 

z San LTT EE NUN 

cc > -6.0 NI 60 < 

Soot | | tut audonme TTT TNT ATT 

Fi Ales) i tee ese Wee lel ean 

w 

a 8.0 A -80 

a) 

2 


1.0 2.0 5.0 10 20 = 330 50 100 


f, FREQUENCY (MHz) - 
R1 OR R2, SHUNT RESISTANCE (OHMS) 


FIGURE 8 — POSITIVE OUTPUT FIGURE 9 — NEGATIVE OUTPUT 
VOLTAGE SWING versus LOAD CURRENT VOLTAGE SWING versus LOAD CURRENT 


Vj adjusted for Vo = +10 Vde 


V} adjusted for Vg = -10 Vdc 
with I = 0. 


with IL = 0. 


Vg, OUTPUT VOLTAGE (Vdc) 
Vg, OUTPUT VOLTAGE (Vdc) 


it, LOAD CURRENT (mAdc) I_, LOAD CURRENT (mAdc) 


FIGURE 10 —- OUTPUT OFFSET VOLTAGE 
versus TEMPERATURE FIGURE 11 — INPUT BIAS CURRENT versus TEMPERATURE 


3 Vec = 5.0 Vde, Veg = -5.0 Vde 
1 
g ~] 
w a Pa 
< = Vcc = 10 Vde, Veg = -10 Bc | 
ar Pa ne 
—_ 60 2 | 
5 —~_| 
oF 5 
7 oO 
3 2 
2 co 
= a 
= > 50 
E 2 
Pas oe 
= a 
ron) = 
[a] 
> 
40 
-75 -5§0 -25 0 25 50 75 100 125 -7h -50 = -25 0 25 50 75 100 125 
Tn, OPERATING AMBIENT TEMPERATURE RANGE (°C) Ta, OPERATING AMBIENT TEMPERATURE RANGE (°C) 


*See Figures 4 and 5 for definition of R1, R2, R3, and R4. 
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MC1438R, MC1538R 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 Vdc, Veg = -15 Vde, Tp = +25°C unless otherwise noted.) 


FIGURE 12 — PULSE RESPONSE CHARACTERISTICS FIGURE 13 — DC SAFE OPERATING AREA 


500 
pes Cama am) (en (ane (a se Ca 
SE, aA, (a ey ES ET Ca EE 
; 300; J | fT fof te eee 
2 _ 250 
—_ oO 
ro cs 200 
ae = 150 
28 
: < ii 1) ceases 
oO wed 
| 2S =. 0 
| 2& > bgt 
zo < 
I > aes 
> °o = 
i=) = 
> 20 
10 ah elke 


0 200 400 600 800 1000 5.0 10 50 
t, TIME (ns) Vcc — V7 OR V2 — VEE (Vde) 
TYPICAL APPLICATIONS 
FIGURE 14 — NON-INVERTING AC POWER AMPLIFIER FIGURE 15 — NON-INVERTING POWER AMPLIFIER 


Vcoc=+30V 


MC 1556G/ MC 1538R/ 
MC1456G MC 1438R 


2N3904 M 
or equiv. 

~) 

ayy 


= II. 29 = 0.6 ohms Il. 2) = 30 megohm for f < 20 Hz 


RaA+RB 
enue IV. 2, s 1.0k ohm t I. zo* aa "0 9 IV. Igg = 200 mA 
HOS 2000" V. BWp = 1.0 MHz 
FIGURE 16 — NON-INVERTING VOLTAGE FOLLOWER FIGURE 17 — INVERTING POWER AMPLIFIER 


Zo VI 


MC 1538R/ 
MC1438R 


MC1556G/ 
MC 1456G 


MC 1556G/ 
MC 1456G 


MC 1538R/ 
MC1438R 


RL RL 

vi 
RaRp 

Characteristics Rat+Rg 

Vo-Vin} 102 
I Error = VOVinl 0.001% 

-RB 
It. 29 = 1074 2, f< 20 Hz AVA 
IL. zj > 30 Megohms, f < 20 Hz j ace RE il. z=Ra 
= EE : : : -4 
V. los = A 
ne He tos RE TOW. tgs ~ 200 ma 
4 
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MC1438R, MC1538R 


TYPICAL APPLICATIONS (continued) 


FIGURE 18 — PROGRAMMABLE VOLTAGE SOURCE 


vec 


2 
| v7 MC 1556G/ MC 1538R/ 
’ MC1456G MC1438R 


Characteristics 
V 
EE Vo=Vy VEE 


Ih 2g << 1.0 mill-ohm, f = 20 Hz 


FIGURE 20 — SIGNAL DISTRIBUTION 


FIGURE 19 — CONSTANT CURRENT SOURCE 
OR TRANSCONDUCTANCE AMPLIFIER 


RB 


MC 1538R/ 
MC1438R 


MC 1556G/ 
MC 1456G 


ro 


vec 43 
0.1 uF L8 
Poles 0) 
a d 
@ 
9 MC 1538R/ Vole Vy 
e MC1438R 
m O MC 1556G/ MC1538R/ Vo 
a MC 1456G MC 1438R 
= 0.1 uF Ry = 100 
Sync. ¢—_ 
CASE 4.3 Input 
0.1 “ha VEE 
3.0k 
0.1 uF = 
‘ Veo 43 
le ee B II. Igg= 200 mA 
l. f9=>- > 2R 
08 2 oC In (1+ ie IN. Vo(pk) = * (Vz #.0.7) Volts 
B 
Vi 9 MC 1538R/ Vo2= VI 
O MC 1438R 
(2) 
Rt 
= FIGURE 22 — WIEN BRIDGE OSCILLATOR 
ASE 
O1ure © : a3 
EE 
1 th pe Amplitude 
0.1 = Vec 43 I Adjust 
O 
Co 
0.0016 uF 
$ MC 1538R/ Vo3= 
O MC 1438R’ to MC 1556G/ MC 1538R/ Z0 
; - 100 k iv. MC 14566 MC 1438 R fp = 1.0k Hz 
Characteristics Ri Ri = 50 
1, Power supplies are protected 
from the output fault; 19s = 200 mA 7 Co 
0.0016 uF 


1. The small input current when CASE 
in output current limit (0.5 mA) VEE 4.3 
will isolate Vj, Vol and Vg2 L 0.1 uF 
from the fault at Vo3. = 


VEE 


Characteristics 


from 0.01 Hz to 10 kHz Il. Igg = 200 mA 


2m rol 


a t_dnd TEETER RR 
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ORDERING INFORMATION 


MC1439 


| .s Device Temperature Range Package 
| MC1539 MC1439G OC to+70°C— Metal Can 
! MC1439P1 OC to +70°C Plastic DIP 
| MC1539G —55°C to +125°C Metal Can 


OPERATIONAL AMPLIFIER 


UNCOMPENSATED OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 


-.: Meet lifier, int - 
designed for use as a summing amplifier, integrator, or am INTEGRATED CIRCUIT 


plifier with operating characteristics as a function of the external 
feedback components. 


@ Low Input Offset Voltage — 3.0 mV max 
Low Input Offset Current — 60 nA max 
Large Power-Bandwidth — 20 Vp-p Output Swing at 20 kHz min 
Output Short-Circuit Protection 
Input Over-Voitage Protection 
Class AB Output for Excellent Linearity 


; . G SUFFIX 
High Slew Rate — 34 V/us typ METAL PACKAGE 


CASE 601-04 


FIGURE 1 — HIGH SLEW-RATE INVERTER 


Compensation 
100 k 


SR = 35/Vus 


(Top View) 
+15 V -15 V 


Vcc VEE 


FIGURE 2 — OUTPUT NULLING CIRCUIT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04. 


ae (MC1439 only) 
10 k SRg S 100(R3) (Vec) 


Compensation ER 8 | Compensation 


Inv. Enput =f Vcc 
Non-Inv. input 6 | Output 


Vee |4| 15 | Output Lag 


FIGURE 3 — OUTPUT LIMITING CIRCUIT 


(Top View) 
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MC1439, MC1539 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, oe = -15 Vdc, Ta = +25°C unless otherwise noted.) 


[ wcis39—— Mc1439 
Input Bias Current pA 
(Tp = +25°C) 0.20 1.0 
(Ta = Tiow @) ) : : 0.23 1.5 
Input Offset Current nA 
_ 75 = 150 
20 60 20 100 
= 75 — 150 
input Offset Voltage IViol mV 
(Tp = +25°C) 1.0 3.0 2.0 7.5 
(Ta = Tlow Thigh) - 4.0 = = 
Average Temperature Coefficient of Input | TCVio | uV/OC 
Offset Voltage (T a = Tlow tO Thigh) 
(Rg = 50 2) 3.0 3.0 
(Rg <10 ko) 5.0 5.0 
(Rs = 10kQ, Noise Bandwidth = 1.0 Hz, 
f = 1.0 kHz) | 
Common-Mode Rejection Ratio CMRR 
(f = 1.0 kHz) 
Open-Loop Voltage Gain (Vg =+10V, Ry, = AVOL 
50,000 120,000 15,000 100,000 
25,000 100,000 15,000 100,000 


(Ta = Tiow) 

Input Impedance 300 100 300 
(f = 20 Hz) 
10kQ, Rg =9°) (Ta = +25°C to Thigh! 


(Ta = +25°C) 
Input Common-Mode Voltage Range VicrR —— 


(Ta = Thigh @ ) 
Equivalent Input Noise Voltage 


(Ta = Tlow) 
Power Bandwidth (Ay = 1, THD < 5%, 
Vo = 20 Vp-p) 
(Ry = 2.0 k82) 
(Ry = 1.0kQ,R5 = 10k) 


Step Response 
Gain = 1000, no overshoot, 


R1=1.0k2,R2=1.0MQ, R3=1.0k22, 
R4 = 30k2, R5 = 10k2, C1 = 1000 pF 


Gain = 1000, 15% overshoot, 

R1=1.0k2,R2=1.0M92, R3=1.0k2 

R4=0, R5=10k82, C1 = 10 pF 

Gain = 100, no overshoot, 

R1=1.0kQ2, R2= 100k, R3=1.0 | 

R4= 10k, R5=10k&2, C1 = 2200 pF 

Gain = 10, 15% overshoot, 

R1=1.0k2, R2= 10k2,R3=1.0k22, 
R4 = 1.0k2, R5= 10k, C1 = 2200 pF 

; Gain = 1, 15% overshoot, } 


R1=10k2,R2=10k2, R3=5.0kQ, 
R4= 3902, R5= 10k, C1 = 2200 pF 


Output Impedance Zo 
(f = 20 Hz) 


Output Voltage Swing Vo 
(Ru = 2.0kQ, f = 1.0 kHz) 
us reac f = 1.0 kHz) 


Power Supply Current 
(Vo = 0) 


Oren = O°C for MC1439 Thigh = +70°C for MC1439 
— 55°C for MC1539 +125°C for MC1539 
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MC1439, MC1539 | 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.): 


Output Short-Circuit Duration ; 


Power Dissipation (Package Limitation) 
Metal Package 
Derate above Ta = +25°C . 
Plastic Dual In-Line Packages MC1439 
Derate above Ta = +25°C 


Storage Temperature Range 
Metal Packages -65 to +150 
Plastic Packages ~55 to +125 


FIGURE 4 — EQUIVALENT CIRCUIT SCHEMATIC FIGURE 5 — EQUIVALENT CIRCUIT 


: O 
| : Vcc 


INPUT LAG 


NON 
INVERTING 


QUTPUT LAG 


OUTPUT 
LAG 


VEE 


FIGURE 6 — TEST CIRCUIT 


R2 


TYPICAL OUTPUT CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vdc, Ta = +25°C 


TEST CONDITIONS (FIGURE 6) 


FIGURE CURV 
NO. 
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MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C, unless otherwise noted.) 


FIGURE 7 — LARGE-SIGNAL SWING versus FREQUENCY FIGURE 8 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 
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SWING versus LOAD RESISTANCE FIGURE 10 ~ OPEN-LOOP PHASE-SHIFT versus FREQUENCY 
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MC1439, MC1539 


_ TYPICAL CHARACTERISTICS (continued) 
(Vee = +15 Vde, Veg = -15 Vde, Ta = +25°C, unless otherwise noted.) 


FIGURE 13 — Ac, * = 1 RESPONSE versus TEMPERATURE FIGURE 14 — Ac, = 10 RESPONSE versus TEMPERATURE 
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MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C, unless otherwise noted.) 


FIGURE 20 — POWER DISSIPATION versus 
FIGURE 19 — POWER DISSIPATION versus TEMPERATURE POWER SUPPLY VOLTAGE 


Vg =0 
+15 V SUPPLIES 


Pp, POWER DISSIPATION (mW) 
Pp, POWER DISSIPATION (mW) 


-55 -25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


Vcc AND Veg, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 21 — POWER BANDWIDTH FIGURE 22 — COMMON-MODE INPUT VOLTAGE 
(LARGE-SIGNAL SWING versus FREQUENCY) versus SUPPLY VOLTAGE 
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FIGURE 23 — COMMON-MODE REJECTION RATIO FIGURE 24 — COMMON-MODE REJECTION RATIO 
versus FREQUENCY versus TEMPERATURE 
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MC1439, MC1539 


FIGURE 25 —- VOLTAGE-FOLLOWER PULSE RESPONSE 
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VOLTS 
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TYPICAL APPLICATIONS 


FIGURE 26 — VOLTAGE FOLLOWER FIGURE 27 — DIFFERENTIAL AMPLIFIER FIGURE 28 — SUMMING AMPLIFIER 
e] 


e2 


e3 


€out = ein t Vio 
Zin > 40 M OHMS 


RF 
1+ — 1+0 RF RF RF 
= Rj f= ~~ i=. =-|/— —_ —_— 
ZocL voi i 4k i 0.04 OHM eo Ry e1* ho vf * ae e3 
0 
_ RR 
For R3 = Ry +R? 


*Properly Compensated *Properly Compensated 


FIGURE 29 — +15 VOLT REGULATOR 
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MC1439, MC1539 


TYPICAL APPLICATIONS (continued) 


FIGURE 30 — LOAD REGULATION FOR FIGURE 31 — REGULATOR OUTPUT VOLTAGE 
CIRCUIT OF FIGURE 29 (under pulsed toad condition) 
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ORDERING INFORMATION 


MC1445 | ' Device Temperature Range Package 


MC1545 MCI445L «°C t0 75S Ceramio DIP 


MC1545G —55°C to +125°C Metal Can 
MC1545L —55°C to + 125°C Ceramic DIP 


GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER GATE CONTROLLED 

. . . designed for use as a general-purpose gated wideband-amplifier, Se ROE IRIER 
video switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 
AN491 for design details. 

@ Large Bandwidth; 50 MHz typical 

@ Channel-Select Time of 20 ns typical 

@ Differential Inputs and Differential Output 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


TYPICAL APPLICATIONS 


VIDEO SWITCH OR | oe 
DIFFERENTIAL AMPLIFIER WITH AGC MULTIPLEX OR FSK 


G SUFFIX 
METAL PACKAGE 
CASE 603-04 
(Top View) 


Vee VEE 
eo 


Channel 1 
Input 


Output 


Channel 2 
- Input 


Gate or = Channel Select 
AGC input Input 


PULSE-WIDTH MODULATOR 


Inv. InputA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 


C-e Audio Input 
Modulation Adjust 


BALANCED MODULATOR ANALOG SWITCH 


VEE VEE 
Non-Inv. 


a Non-Inv. 
Carrier 
Input 


51 


Inv. 


(Top View) 


= . 
Audio 5.0 k 
Input Bias Adjust 
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MC1445, MC1545 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Symbol 


m 
Vcc 


Power Dissipation (Package Limitation) 
Fiat Package 
Derate above Ty = +25°C 
Ceramic Dual In-Line Package 
Derate above Ta = +25°C 
Metal Can 
Derate above Ta, = +25°C 


4.6 
0 to +75 oC 
-55 to +125 
Storage Temperature Range -65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = 5.0 Vdc, at Ta = +25°C, specifications apply to both input channels 


unless otherwise noted.) 
MC 1545 MC 1445 
Unit 


i [tye [ex | wn [Tw [mon | 
= 


Characteristic 


Single-Ended Voltage Gain 


k ohms 


: Leas eed 

em a a eo Ha 
(f = 50 kHz) 

em A Mal Maa al 

(f = 50 kHz) | 

Output Differential Voltage Range 4,13 heen = a : el 

(Ry = 1.0 k ohm, f = 50 kHz) 

Input Bias Current | iB uAdc | 

ad 

es 


Input Offset Current 


Input Offset Voltage 
Quiescent Output de Level 


Output dc Level Change 
(Gate Input Voltage Change: +5.0 V to 0 V) 


Common-Mode Rejection Ratio 
(f = 50 kHz) 


Input Common-Mode Voltage Range 


Gate Characteristics 
Gate Input Voltage — Low Logic State (Note 1) 


Gate Input Voltage — High Logic State (Note 2) 


Gate Input Current — Low Logic State 
(ViL(G) = 9 V) 


Gate Input Current — High Logic State 
(Vin(G) = +5.0 V) 


Step Response 


Wideband Input Noise 
(5.0 Hz — 10 MHz, Rg = 50 ohms) 
DC Power Consumption 


Note 1. Vi, (G) is the gate voltage which results in channel A gain of unity or less and channel B gain of 16 dB or greater. 
Note 2. Vi}(G) is the gate voltage which results in channel B gain of unity or less and channel A gain of 16 dB or greater. 


ies) 
io) 


= 
(6}) 
Oo 
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MC1445, MC1545 


Avs, SINGLE-ENDED VOLTAGE GAIN (dB) Avs, SINGLE-ENDED VOLTAGE GAIN (dB) 


Rp, PARALLEL INPUT RESISTANCE (k OHMS) 


FIGURE 1 — SINGLE-ENDED 
VOLTAGE GAIN versus FREQUENCY 


CTT 
i , 


100 1000 


f, FREQUENCY (MHz) 


FIGURE 3 — VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGES 


Voc. Veg, POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 5 — INPUT Cp AND Rp versus FREQUENCY 
(BOTH CHANNELS) 


f, FREQUENCY (MHz) 
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Vopr, OUTPUT DIFFERENTIAL VOLTAGE Ays, SINGLE-ENDED VOLTAGE GAIN (dB) 
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FIGURE 2 — SINGLE-ENDED 
VOLTAGE GAIN versus TEMPERATURE 


-5§ -25 0 +25 +50 +75 +100 = +125 


Ta, TEMPERATURE (°C) 


FIGURE 4 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


RANGE (Vp.p) 


Ri, LOAD RESISTANCE.(k OHMS) 
FIGURE 6 — OUTPUT IMPEDANCE versus FREQUENCY 
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MC1445, MC1545 - 3 


FIGURE 7 — CHANNEL SEPARATION versus FREQUENCY FIGURE 8 — GATE CHARACTERISTICS 
140 


Channel Separation 


V 
I 


CHANNEL SEPARATION (d8) 
Avs, SINGLE-ENDED VOLTAGE GAIN (dB) 


102 103 104 109 106 107 108 
fin, INPUT FREQUENCY (Hz) Vg, GATE VOLTAGE (VOLTS) 
FIGURE 9 — COMMON MODE FIGURE 10 — INPUT WIDEBAND NOISE 
REJECTION RATIO versus FREQUENCY versus SOURCE RESISTANCE 
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CMRR, COMMON-MODE REJECTION RATIO (d8) 
en, INPUT NOISE VOLTAGE (uVirms}) 


0.01 
f, FREQUENCY (MHz) Rs, SOURCE RESISTANCE (OHMS) 
FIGURE 12 — SINGLE-ENDED VOLTAGE GAIN AND 


FIGURE 11 — CIRCUIT SCHEMATIC , BANDWIDTH TEST CIRCUIT 


Signal 
Generator 


C, = 15 pF and includes jig 


Vj = 20 mV(rms) . 
— = and voltmeter capacitance. 


Boonton RF Voltmeter 
or Equivalent 
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MC1445, MC 1545 


FIGURE 13 — OUTPUT VOLTAGE SWING TEST CIRCUIT FIGURE 14 — INPUT IMPEDANCE TEST CIRCUIT 


+5.0 V. -5.0V 


f= 50kHz 
V; = 50 mV(rms) 


To ac 
Voltmeter 


To ac 
Voltmeter 


FIGURE 16 — INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT TEST CIRCUIT 


+5.0VQ 0 -5.0V 


+5.0 V -5.0 V Toac 
Voltmeter 


110 is the difference 
f= 50 kHz in current reading 


V; = 50 mV(rms) L_ when either S1 or S2 
Se. a, See is switched. 


Open _ if 


+5.0 V 


. FIGURE 18 — GATE CURRENT (HIGH AND LOW), 
FIGURE 17 — INPUT OFFSET VOLTAGE AND QUIESCENT COMMON-MODE REJECTION AND 


OUTPUT LEVEL TEST CIRCUIT COMMON-MODE INPUT RANGE TEST CIRCUIT 
-5.0 V 


Adjust R1 until V1 +5.0VO 
reads O Volts then 
read Ede: 


+5.0 V 


S1A 


Q 
R1 5.1 k (1%) 
100 k ' 
10 Turns | 
~ 51 (1%) 
f= 50kHz | 
-5.0 V V; = 1.0 V(rms) | 
7 A 
CMRR = 20 log] —VS 
J Avec 
AVo = Change in V2 Reading = 
j i = + 
Switch S, and readjust R, for V,=0 5.0 V +5.0 V 
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MC1445, MC1545 


FIGURE 19 — PROPAGATION DELAY AND RISE AND FIGURE 20 — POWER DISSIPATION AND WIDEBAND 


FALL TIMES TEST CIRCUIT INPUT NOISE TEST CIRCUIT 
+5.0 V -5.0V 


To “A” Channel +5.0 V 


of Scope -5.0 V True rms Voltmeter 
with Bandwidth of 
Scope — 5.0 Hz to 10 MHz 


Tektronix 567 
or equiv 


a 
= _ To ‘’B"’ Channel 
of Scope 


Pulse 
Gen. 


V; = 20mV = 
cE 
tTLH = tTHL < 5.0 ns 


T 


Cy. = 15 pF including probe and =5 (lec + tee) 
jig capacitance , 


Open 


50% ~=—— TPHL 


Vg, DIFFERENTIAL OUTPUT VOLTAGE (Vp-p) 


Vj, SINGLE-ENDED INPUT VOLTAGE (mVp-p) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-81 


ORDERING INFORMATION 
Device Temperature Range Package 
MC 1 454G MC1454G 0°c to +70°C Metal Can 


7 MC1554G —55°C to +125°C - Metal Can 
MC1554G sii une elieed Se 


| i — 1-WATT 
1-WATT POWER AMPLIFIERS POWER AMPLIFIER 


INTEGRATED CIRCUIT 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 
. .. designed to amplify signals to 300-kHz with 
. 1-Watt deliverec to a direct coupled or capac- 
itively coupled load. 


External 
Compensation 
@ Low Total Harmonic Distortion — 0.4% (Typ) @ 1 Watt 


@ Low Output Impedance — 0.2 Ohm 
External 
Compensation 
Options (top view) 


-G SUFFIX 
CASE 603B-01 


@ Excellent Gain — Temperature Stability 


VOLTAGE GAIN versus FREQUENCY (Rx, = 16 OHMS) 


ao 
= 
= 
< 
oO 
WwW 
oO 
< 
- 
ad 
i=] 
> 
> 
< 


Pout = 1.0 Wi(rms) 
Ry = 16 OHMS 
Voc = 16V 
(See Figure 7) 


1.0 k 2.0k 5.0k 
f, FREQUENCY (Hz) 


MAXIMUM AVAILABLE OUTPUT POWER 
(SINE WAVE) 


IVcci + IVegl, SUPPLY VOLTAGE (VOLTS) 


Ry, LOAD RESISTANCE (OHMS) 
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IMIC1454G, MC1554G 


ELECTRICAL CHARACTERISTICS (Tc = +25°C unless otherwise noted) 


Frequency compensation shown in Figures 6 and 7. 
Re 
: Figure | (Ohms) | C 
Output Power (for egyt<5.0% THD) 
Power Dissipation (@ Poy, = 1.0 W) 


re 
erie ———}-+-= | #- 
ae ate (ee 
10 BW 270 
: 250 
210 si 


Output !mpedance 


Power Bandwidth 
(for Qgyt<5.0% THD) 
| 20 |mAdc | 
pase 
Output Quiescent Voltage nice ae +10 mVdc 
(Split Supply Operation) 


Positive Supply Sensitivity mvV/V 
(VEE constant) 

Negative Supply Sensitivity mvV/V 
(Vcc constant) 


MC1454_ 
(0 to +70°C} 


Characteristic 


Total Harmonic Distortion 

(for ej, <0.05% THD, f = 20 Hz 
to 20 kHz) 

Pout = 1.0 Watt (sinewave) 

Pout = 0.1 Watt (sinewave) 


Zero Signal Current Drain 


Output Noise Voltage 


*To obtain the voltage gain characteristic desired, use the following pin connections: Voltage Gain Pin Connection 
10 ' Pins 2 and 4 open, Pin 5 to ac ground 
18 Pins 2 and 5 open, Pin 4 to ac ground 
36 Pin 2 connected to Pin 5, Pin 4 to ac ground 


Characteristic Definitions 
(Linear Operation) 


FIGURE 1 FIGURE 3 FIGURE 4 
-16V 
: : open Vo (de) 
; a , 10 
- Ry Cour 1 9 
| open 4 ss Vy 
= = R, 
7 
FIGURE 2 FIGURE 5 V 
cee +16V . - 


ao open 
Cin 
R. Cout e 0 Va 
7 | ‘out rr) Vip ic 
= = = 1] 
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MC1454G, MC1554G 


MAXIMUM RATINGS (Tc = +25°C unless otherwise noted) 


Peak Load Current . 
Audio Output Power 


Power Dissipation (package limitation) 
Ta = +25°C 


Derate above 25°C 
Te = +25°C 
Derate above 25°C 


Operating Temperature Range MC1454 %¢ 
MC1554 
Storage Temperature Range 


TYPICAL CONNECTIONS 
FIGURE 6 — SPLIT SUPPLY OPERATION VOLTAGE FIGURE 7 — SINGLE SUPPLY OPERATION VOLTAGE 
GAIN (Ay) = 10, fLow ~25 Hz GAIN (Ay) = 10, fLoW~ 100 Hz 


Vcc 39 pF 


RECOMMENDED OPERATING CONDITIONS 


In order to avoid local VHF instability, the following set of rules must be 3. Lead lengths from the external components to pins 7, 9, and 10 of the 
adhered to: package should be as short as possible to insure good VHF grounding 
1. An R-C stabilizing network (0.1 ;.F in series with 10 ohms) should be for these points. 


placed directly from pin 9 to ground, as shown in Figures 6 and 7, using 
short leads, to eliminate local VHF instability caused by lead inductance 
to the load. 


2. Excessive lead inductance from the Vcc supply to pin 10 can cause high 


Due to the large bandwidth of the amplifier, coupling must be avoided be- 
tween the output and input leads. This can be assured by either (a) use of 
short leads which are well isolated, (b) narrow-banding the overall amplifier 


frequency instability. To prevent this, the Vccby-pass capacitor should by placing a capacitor from pin 1 to ground to form a low-pass filter in com- 
be connected with short leads from the Vcc pin to ground. If this capaci- bination with the source impedance, or (c) use of a shielded input cable. In 
tor is remotely located a series R-C network (0.1 ;.F and 10 ohms) should applications which require upper band-edge control the input low-pass filter 
be used directly from pin 10 to ground as shown in Figures 6 and 7. is recommended. 


TYPICAL CHARACTERISTICS 


FIGURE 8 — TOTAL HARMONIC DISTORTION FIGURE 9 — TOTAL HARMONIC DISTORTION 
versus LOAD RESISTANCE versus FREQUENCY 


Ay = 36, Ry = 102 
Tih 
36, 16 2 ill 

e 


— — 10% MAX POWER OUTPUT 
90% MAX POWER OUTPUT 


18, 16. Q 


10, 162 
Pout =1W (rms) 


50 70 10 100 1.0k 20k 5.0k 10k . 1001 
R_, LOAD RESISTANCE (OHMS) f, FREQUENCY (Hz) 


THD, TOTAL HARMONIC DISTORTION (%) 


THD, TOTAL HARMONIC DISTORTION (%) 
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-MC1454G, MC1554G 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 — VOLTAGE GAIN versus TEMPERATURE FIGURE 11 — OUTPUT VOLTAGE CHANGE 
S +4.0 
£ Ry = 16 OHMS 
o Vec = 8 Vde 
> = Vee = -8 Vdc 
> 3s (See Figure 6) 
= w 
é = 
ae J 
o oO 
< > 
cod 
5 : 
< 3 
5 
uJ 
oO 
[Ze] 
lu 
= 
=) 
= 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 12 — VOLTAGE GAIN versus FREQUENCY (Ry =) 
35 
eH ea eee ll 
30 il | 
aman Ceo TT 
: at 
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ud 
o 
< 
es 15 
=) 
> 
< 10 Ri = 0 
Vo = 12 Vp-p 
5.0 Vec = 16V 
(See Figure 7) 


10 100 1.0k 2.0k 5.0k 10k 100k 1.0M 
f, FREQUENCY (Hz) 


FIGURE 13 — MAXIMUM DEVICE DISSIPATION 
(SINE WAVE) 


oOo ~~ om 
am & 
Tc, MAX CASE TEMP (°C) 
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125 


Pp, INTERNAL POWER DISSIPATION (WATTS) 


Ta, MAX AMBIENT TEMP (°C) 


40 «2.0 50 10 20 50 100 
R_, LOAD RESISTANCE (OHMS) 
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MC1456 ORDERING INFORMATION 

Device Temperature Range Package 
| MC1456C . MC1456G,CG 0°c to + 70°C Metal Can 
MC1556 MCISS6G 55°C 10 +125 Metal Can 


MC1556U — 55°C to +125°C Ceramic DIP 


OPERATIONAL AMPLIFIER 
INTERNALLY COMPENSATED, HIGH PERFORMANCE Si) EON NONOLITNIC 
OPERATONAL AMPLIFIER INTEGRATED CIRCUIT 


... designed for use as a summing amplifier, integrator, or am- 
plifier with operating characteristics as a function of the external 
feedback components. G PACKAGE 


@ Low Input Bias Current — 15 nA max CASE 601-04 
Low Input Offset Current — 2.0 nA max 

Low Input Offset Voltage — 4.0 mV max 

Fast Slew Rate — 2.5 V/us typ 

Large Power Bandwidth — 40 kHz typ te 
Low Power Consumption — 45 mW max 

Offset Voltage Null Capability 

Output Short-Circuit Protection 

Input Over-Voltage Protection 


Inv. Input 


TYPICAL INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT versus TEMPERATURE for MC1556 


RO 
oO 


—T TT 1 
MC 1456 : 
MENer P1 SUFFIX U SUFFIX 


4 PLASTIC PACKAGE CERAMIC PACKAGE 
INPUT BIAS CURRENT CASE 626-04 CASE 693-02 


lig, INPUT BIAS CURRENT (nA) 
lig, INPUT OFFSET CURRENT (nA) 


+100 +125 
Ta, AMBIENT TEMPERATURE (°C) (Top View) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
VOLTAGE-FOLLOWER PULSE RESPONSE 


5 VOLTS/DIVISION 


OUTPUT 


2 us/DIVISION 


OFFSET NULL 
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MC1456, MC1456C, MC1556 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Power Supply Voltage 


MC 1456 
Symbol MC1556 MC1456C 
Vcc +22 +18 Vde 
VEE -22 -18 
Differential Input Voltage Range Volts 


Load Current 
Output Short Circuit Duration ts 


Power Dissipation (Package Limitation) 680 mw 
Derate above. T a = +25°C 4.6 mWw/°C 


3 


Operating Temperature Range TA -55 to +125 % 
-65 to +150 -65 to +150 2G 


Storage Temperature Range Tstg 


nAdc 
30 


Typ 


Characteristic | Fig. | Symbol 


Input Bias Current 


Tp = +25°C 30 


Ta = Tow tO Thigh (See Note 1) 


Input Offset Current 
Ta = +25°C 
Tp = +25°C to Thigh 
TA = Tlow to +25°C 


Ss 
fo) 


Input Offset Voltage 
Tp = +25°C 
TA = Tow to Thigh 


py 
{o) 
_ 
ND I th 


Differential !nput Impedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 'p 5.0 3.0 3.0 Megohms 
Parallel Input Capacitance Te) 6.0 6.0 6.0 pF 
Common-Mode Input Voltage Range ES ICR +12 #13 +11 +12 | | 410.5 RU asks 
Equivalent Input Noise Voltage 2 nVv/(Hz)% 
(Ay = 100, Rg = 10k ohms, f = 1.0kHz, BW = 1.0 Hz) 


Common-Mode Rejection Ratio (f = 100 Hz) 


Open-Loop Voltage Gain, (Vo = +10 V, Ry, = 2.0 k ohms) 
Ta = +25°C 
Ta = Tlow to Thigh 


Power Bandwidth BWip 
(Ay = 1, Ru = 2.0k ohms, THDS5%, Vo = 20 Vp-p) 


= 


Unity Gain Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gain) 5,7 


00 
70 


Output Impedance (f = 20 Hz) , | 1.00 | 2.0 Le 2S kohms 
[os =a = [Fad — aa 

Output Voltage Swing (R 1. = 2.0k ohms) Von | £12 a3 | - [ aa [ 212 | - | +10 | $12 
uVIV 


Power Supply Rejection Ratio 
Vcc = constant, Rg <10 k ohms 
VEE = constant, Rg S10 k ohms 


~ 
oa 


' 
—_ 
> 
+ 
2 
© 


me oo) 
ol 


cE 7 
~ 
N 
°o 


mAdc 


Power Supply Current 


OC Quiescent Power Dissipation 
Vo = 0) 


Note 1: Tigw: 0° for MC1456 and MC1456C 
-55°C for MC1556 
Thigh: +70°C for MC1456 and MC1456C 
+125°C for MC1556 


Icc 1.3 3.0 3 4.0 
lEE 1.3 3.0 1.3 4.0 
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MC1456, MC1456C, MC1556 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, VEE = -15 Vdc, Ta = +25°C unless otherwise noted). 


FIGURE 1 — INPUT COMMON-MODE SWING versus FIGURE 2 — SPECTRAL NOISE DENSITY 
POWER SUPPLY VOLTAGE 
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en, EQUIVALENT NOISE (nV/V Hz) 
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Vicr, INPUT COMMON-MODE VOLTAGE RANGE (VOLTS) 


3.0 
0 +3.0 +6.0 +9.0 £12 +15 £18 +21 +24 10 100 1.0k 10 k 100 k 
Vcc. VEE, POWER SUPPLY VOLTAGE (Vdc) f, FREQUENCY (Hz) 
FIGURE 3 — COMMON-MODE REJECTION FIGURE 4 — OPEN-LOOP VOLTAGE GAIN 
RATIO versus FREQUENCY versus TEMPERATURE 


AVOL, OPEN-LOOP VOLTAGE GAIN (V/V) 


CMRR, COMMON-MODE REJECTION RATIO (cB) 


-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 
f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 6 — OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGES 


+ 
— 
oS 
o 


AVOL, VOLTAGE GAIN (dB) 
+ 
S 


E2ERRRRS 


PLT ATT 
Pitt Ey 


1.0 10 100 10k 10k 100k 1.0M 10M 100M. 0 +5.0 +10 +15 +20 +25 
f, FREQUENCY (Hz) Vcc, VEE, SUPPLY VOLTAGES (Vdc) 
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MC1456, MC1456C, MC1556 


TYPICAL CHARACTERISTICS (continued) 


¢, PHASE SHIFT (DEGREES) 


Vo, OUTPUT VOLTAGE (Vp-p) 


FIGURE 7 — OPEN-LOOP PHASE SHIFT 


100 1.0 k 10k 100k 1.0M 10M 100M 


f, FREQUENCY (Hz) 


FIGURE 9 — POWER BANDWIDTH 
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f, FREQUENCY (kHz) 


los, OUTPUT SHORT-CIRCUIT CURRENT (mAdc) 


Vo, OUTPUT VOLTAGE (Vp-p) 


FIGURE 8 — OUTPUT SHORT-CIRCUIT CURRENT 
versus TEMPERATURE 


MC 1456 
MC 1456C 


Ty 
Ah 
aie 

eu 


Ly 
SUPER RRERE 


TAT 


-75 -50 -25 0 +25 «+50 +75 +100 +125 +150 +175 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE 


100 200 500 1.0k 2.0k 5.0 k 10 k 
RL, LOAD RESISTANCE (OHMS) 


FIGURE 11 — POWER DISSIPATION versus 
POWER SUPPLY VOLTAGE 
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+20 +440 +60 +80 


+10 +12 


Vcc, VEE, POWER SUPPLY VOLTAGE a 
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MC1456, MC1456C, MC1556 


TYPICAL APPLICATIONS | 
Where values are not given for external components they must be selected by the 
designer to fit the requirements of the system. 


| FIGURE 12 — INVERTING FEEDBACK MODEL FIGURE 13 — NONINVERTING FEEDBACK MODEL 


IF Ag (Wa) 00 IF R3<< 2} 


Yo ._ 2 see 
Vj 2] ae 


FIGURE 14 — LOW-DRIFT SAMPLE AND HOLD 


+15V 


SWITCH MC1456,C 


MC 1556 


Vo 
Vj 


“Drift due to bias current 
is typically 8 mV/s 


1.0 pF 
Polycarbonate. 
SAMPLE 


COMMAND = -15V 


FIGURE 15 — HIGH IMPEDANCE BRIDGE AMPLIFIER 


MC 1456,C 
MC 1556 


Ri MC1456,C 


MC 1556 


“Vg =-10 Vy 


MC 1456,C 
MC1556 
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MC1456, MC1456C, MC1556 


TYPICAL APPLICATIONS (continued) 


FIGURE 16 — LOGARITHMIC AMPLIFIER FIGURE 17 — VOLTAGE OFFSET NULL CIRCUIT 


Vi -O 


Vo 


Vo = KyIn (K2Vj) 
VEE 


OFFSET 
ADJUST 


FIGURE 18 — HIGH INPUT IMPEDANCE, HIGH OUTPUT 


CURRENT VOLTAGE FOLLOWER 


MC 1438R 
MC 1538R 


MC1456,C 
MC 1556 


Vj. 


Vo 


z= 250M22 
Zo = 100 u82 


OFFSET an 470 pF 19 = 100 mA (max) 


ADJUST 


ees st SS PPS CL 
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ORDERING INFORMATION 


MC 1 458, MC 1 458N ) Device Temperature Range Package 
MC1458C MCISEEGNG ——S5'Cto + 125° Metal Can 


MC1558, MC1558N MCISSENUU——55'Cto 126°C Ceramic DIP 


MC1458CP1,NP1,P1 0°C to +70°C Plastic DIP 


(DUAL MC1741) 
DUAL 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


DUAL MC1741 
INTERNALLY COMPENSATED, HIGH PERFORMANCE 
MONOLITHIC OPERATIONAL AMPLIFIERS 


.. . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 


No Frequency Compensation Required 

Short-Circuit Protection 

Wide Common-Mode and Differential Voltage Ranges 
Low-Power Consumption 

No Latch Up 


Low Noise Selections Offered — N Suffix 


G SUFFIX 
METAL PACKAGE 
CASE 601-04 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


(Top View) 


Continuous a 


Storage Temperature R ange OG 
Metal and Ceramic Packages -65 to +150 
Plastic Package -55 to +125 
Junction Temperature OC 
Metal and Ceramic Packages 175 
noe eae gah 


Note 1. For supply voltages less than + 15 V, the absolute maximum input voltage is equal 
to the supply voltage. 


Note 2. Supply voltage equal to or less than 15 V. P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


EQUIVALENT CIRCUIT SCHEMATIC (MC1458, MC1458C, MC1458N) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


(Top View) 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 


ELECTRICAL CHARACTERISTICS — Note 1.(Vcc = 15 V, Veg = 15 V ca 25°C unless otherwise noted). 


Charactrsi eae Te ee 
Input Offset Voltage eo Pee eee mV 
(Rs < 10k) 


Input Offset Current 
Input Bias Current 


o) 

Ww 
ayoyps 
on] | oO 
AyryN 
on, eR] oO 
3lo0/s 
<P TS 


Large Signal Voltage Gain 
(Vo = +10 V, Ru = 2.0 k) 
Ae eel OR R= 10k) 


NO 
pe 
(o>) 
St 
(o>) 
NO i 
OS | 
oO 
= 
3 
< 


je} — }— je | 


3|! | Bag 
NO 
I+ 
—s . . 
w 
i+ 
— 
— 
a 
—_— 
ow 
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Common Mode Rejection Ratio 


(Rs < 10k) 
Supply Voltage Rejection Ratio 30 150 30 uV/V 
(Rg < 10k) 


Output Voltage Swing 
(Ry > 10k) 
(Ry > 2k) 


Output Short-Circuit Current | los | | 
Supply Currents (Both Amplifiers) ee PE 


Power Consumption 


+ 
—_ 
N 


I+ 
oO 


Vv 
+14 +11 | +14 
+13 +9.0 | +13 


cs ee ee 
Se a 
5 


—"s 
ol 
jo) 


Transient Response (Unity Gain) 
(Vj = 20mV, Ru = 2kQ, CL 
(Vj = 20mV, RE = 2kQ2, CL 
(Vy 10V, R, > 2kQ, CL < 


100 pF) Rise Time 
100 pF) ‘Overshoot 
100 pF) Slew Rate 


IN 


It 


o-O NI] ph 
or Ol wl] O 


ELECTRICAL CHARACTERISTICS Note 1 (Vcc = 15 V, Vee = 15 V, TA = *Thigh to Tiow unless otherwise noted). 


ee srs cscsess 
Characteristic Symbol Fin | typ | max | min | Typ | Max | Min | Typ | Max| Unit 


Input Offset Voltage VIO 1.0 7.5 12 | mV 
(Re < 10k) 
Input Offset Current nA 
(Ta = 125°C) 7.0 | 200 — 

(Ta = -55°C) 85 | 500 - 

(Ta = 0°C to +70°C) 
Input Bias Current 

(Ta = 125°C) 500 

(Ta = -55°C) on 1500 

(Ta = 0°C to +70°C) 800 a Baas 
conn Modanmiome hea ee ets eh | eed 
A Gel al dal a el lel a al 

< 10k) 

oo Gal i i al il 

(Rs < 10k) 
Output Voltage Swing 

(Ry > 10k) 

(Ry > 2k) 
Large Signal Voltage Gain 

(Vo = +10 V, Ry = 2k) 
(Vo = +10 V, Ry = 10k) 


Supply Currents (Both Amplifiers) 
(Ta = 125°C) 
(Ta = -55°C) 


Power Consumption (Ta = 125°C) Pc 
(Ta = -55°C) 


*Thigh = 125°C for MC1558 and 70°C for MC1458, MC1458C 
Tlow ~ 55°C for MC1558 and 0°C for MC1458, MC1458C 


Note 1. Input pins of an unused amplifier must be grounded for split supply operation or biased at least 3.0 V above Veg for single supply operation. 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 


NOISE CHARACTERISTICS (Applies for MC1558N and MC1458N only, a a =15V,VeE=-15V, AS — = 25°C) 


1000 


E,,, INPUT NOISE (peak) (uV) 


Ey, OUTPUT NOISE (RMS) (mV) 


MC1 | == = =MC1558N Cd 
Characteristic Symbol 


Burst Noise (Popcorn Noise) 
(BW = 1.0 Hz to 1.0 kHz, t= 10s, 
Rg = 100 k&2) (Input Referenced) 


FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE 
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FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY 
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FIGURE 5 — BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 


Positive 
Threshold 
Voltage 


To Pass/Fail 
Indicator 
1k 
Low Pass 
Filter 
Under Test 
1.0 Hz to 1 kHz 
. Negative 
Threshold 

For applications where low noise performance is essential, selected Voltage 
devices denoted by an N suffix are offered. These units have been 
100% tested for burst noise pulses on a special noise test system. The test time employed is 10 seconds and the 20 uV peak 
Unlike conventional peak reading or RMS meters, this system was limit refers to the operational amplifier input thus eliminating 
especially designed to provide the quick response time essential to errors in the closed-loop gain factor of the operational amplifier 
burst (popcorn) noise testing. under test. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-94 


MC1458, MC1458N, MC1458C, MC1558, MC1558N 


Vg, OUTPUT VOLTAGE (Vp.p) 


Vo, OUTPUT VOLTAGE (VOLTS) 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vdc, Veg = -15 Vdc, Ta = +25°C unless otherwise noted). 


FIGURE 6 — POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 
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FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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Ri, LOAD RESISTANCE (OHMS) 


FIGURE 10 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 
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RL, LOAD RESISTANCE (kSQ 


Ayo, VOLTAGE GAIN («B) 


Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE 


1.0 10 100 1.0k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) 


FIGURE 9 —NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER 


MOTOROLA LINEAR/INTERFACE DEVICES 


MC 1458, MC1458N, MC1458C, MC1558, MC1558N 


FIGURE 12 — NONINVERTING PULSE RESPONSE | 
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FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT 


To Scope 
(input) 


To Scope 
(Output) 


FIGURE 14 — OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 
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ORDERING INFORMATION 


Device Temperature Range Package 8S 
MC1458SG 0°C to +70°C Metal Can MC145 
MC1458SP1 0°C to +70°C Plastic DIP 
MC1458SU 0°C to +70°C Ceramic DIP MC1558$ 
MC1558SG  -55°C to +125°C Metal Can 
MC1558SU —55°C to +125°C Ceramic DIP 


DUAL HIGH SLEW-RATE INTERNALLY- | 
COMPENSATED OPERATIONAL AMPLIFIERS DUAL 


The MC15585 is functionally equivalent, pin compatible, and OPERATIONAL. AMPLIFIERS 
possesses the same ease of use as the popular MC1558 circuit, yet 
offers 20 times higher slew rate and power bandwidth. This device is SILICON MONOLITHIC 
ideally suited for D/A converters due to its fast settling time and INTEGRATED CIRCUIT 
high slew rate. 


@ High Slew Rate — 10 V/us Guaranteed Minimum (for inverting 
unity gain only) 

No Frequency Compensation Required - 

Short-Circuit Protection 

Offset Voltage Null Capability 

Wide Common-Mode and Differential Voltage Ranges 

Low Power Consumption 

No Latch-Up 

G SUFFIX 
METAL PACKAGE 
CASE 601-04 
TYPICAL APPLICATION OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 


Vec= 5.0 V 


(5) inverting 
ag) Input B 


Non-Inverting 
Input B 


Non-Inverting 
Input A 
A2 


A3 lecsaeee cee ; 
MC1508L-8 R2 Vec=15V (Top View) 


aad MC1408L 
A5 Series 
A6 10 

A711 


LSB A812 


VEE= -15 V 


P1 SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
Settling time to within 1/2 LSB (+19.5 mV) is approxi- CASE 626-04 CASE 693-02 
mately 4.0 us from the time that all bits are switched. (MC1458S Only) 
*The value of C may be selected to minimize overshoot 
and ringing (C ~ 68 pF). 


Theoretical Vo 
V ref At A2 A3 A4 AS AGB AZT AB 
Vo= (Ro) — + — + —— + — + — + —— + —— HF 
R1 2 4 8 16 32 64 128 256 
Adjust Vref, R1 or Ro so that Vo with all digital inputs at high level 
is equal to 9.961 volts. 
= Inverting 
= 2.0 Vd : 
ref 7 Input A 
R1= R2=1.0k : 
Zz Non-tnverting inverting 
Ro = 5.0k2 InputA Input B 
y, 1 1 1 1 1 1 Non-Inverting 
Input B 
Van =— (Sk) }]—+—t—+t— +—t— + + | = 
On 7% | E 4 8 16 32 64 128 256 


Vv 


(Top View) 
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MC1458S, MC1558S 


MC1558S LARGE-SIGNAL TRANSIENT RESPONSE 


; STANDARD MC1558 versus MC1558S RESPONSE COMPARISON 
(inverting Mode) 


(Inverting Mode) 


Pulse Output } 
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1.0 us/Div. 


10 ys/Div. 


% REPRESENTATIVE CIRCUIT SCHEMATIC 
Vcc 


Inverting 
Input 


Noninverting 
Input 


Offset 2 
Null 
360 


Offset Null VEE 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


[—Symbot_[ McTSseS | _wictasss [Unk | 


Power Supply Voltage Vcc +22 +18 Vde 
VEE -22 -18 


Input Differential Voltage Range @) VIDR +30 


Output Short Circuit Duration 


Operating Ambient Temperature Range -55 to +125 
J 


Storage Temperature Range -65 to +150 -65 to +150 


Junction Temperature Ceramic and Metal Package T 175 175 % 
Plastic Package 150 150 2G 
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MC1458S, MC1558S 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Veg = - 15 Vde, Ta = +25°C unless otherwise noted.) 


Power Bandwidth (See Figure 3) 
Ay = 1, Rx = 2.0k2, THD = 5%, Vo = 20 Vip=p) 
Large-Signal Transient Response 

Slew Rate (Figures 10 and 11) 

V(-) to V(+) 

V(+) to V(-) 

Settling Time (Figures 10 and 11) 
(to within 0.1%) 
Small-Signal Transient Response 
(Gain = 1, Ein = 20 mV, see Figures 7 and 8) 
Rise Time 
Fall Time 
Propagation Delay Time 
Overshoot 


Short-Circuit Output Currents 


: a 
Open-Loop Voltage Gain (Ri. = 2.0 kX) (See Figure 4) AVOL 
Vo z= +10 V 50,000 | 200,000 20,000 | 10 


Output impedance = 20H SO ae 


Output Voltage Swing Vo Vok 
Ri = 10k22 +12 +14 +12 +14 
Rp = 2.0k2 +10 +13 +10 +13 


Input Common-Mode Voltage Swing 
ommon-Mode Rejection Ratio (f = 20 Hz) 
Input Bias Current (See Figure 2) 


Input Offset Current 


Input Offset Voltage (Rg = < 10k) 


DC Power Consumption (See Figure 9) 
(Power Supply = +15 V, Vo = 0) 

Positive Voltage Supply Sensitivity 
(VEE constant) 

Negative Voltage Supply Sensitivity 
(Vcc constant) 


**Plastic package offered in limited temperature range device only. 


ELECTRICAL CHARACTERISTICS (Vcc = 15 Vdc, Veg = -15 Vdc, Ta = -55 to +125°C for MC1558S and Ta = 0 to 70°C for 
MC1458S, unless otherwise noted.) 


Characteristic 
Open Loop Voltage Gain 
Vg =+10V 
Output Voltage Swing 
RL = 10 k2 
RE =2k2 
Input Common-Mode Voltage Range 


Commo.1-Mode Rejection Ratio (f = 20 Hz) 


Input Bias Current 

Ta = 125°C 

Ta = -55°C 

Ta = 0to 70°C 
Input Offset Current 

Ta = 125°C 

Ta = -55°C 

Ta = 0 to 70°C 
Input Offset Voltage 
Rg < 10 k2 
DC Power Consumption 


Positive Power Supply Sensitivity 
Vee-=-15V 


Negative Power Supply Sensitivity Pss- uViIV 
Vcec= 18V 
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MC1458S, MC1558S 


TYPICAL CHARACTERISTICS : 
(Voc = +15 Vdc, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — OFFSET ADJUST CIRCUIT FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE | 


% MC1558S 
or Output 


%’ MC1458S 


*Not available with G and 
P1 Suffix Packages. 


11B, AVERAGE INPUT BIAS CURRENT (nA) 


Offset Null 
Terminals 


0 
-15 -50 -25 0 +25 450 +75) #1001125 
T, TEMPERATURE (°C) 


FIGURE 3 — POWER BANDWIDTH — NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE 
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FIGURE 5 — OUTPUT NOISE versus 
SOURCE RESISTANCE 
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MC1458S, MC1558S 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 6 — SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS FIGURE 7 — SMALL-SIGNAL TRANSIENT RESPONSE 


Input 


Output 


Overshoot 


MC1558S N 
Input MC1458S Pr 

V -~ 

oO Ve 

90% a) 
100 = 

pF 
50% = 
Output 50% Fall Time 
TTHL 
-15 V 
10% 
he— tH Overshoot Vos 
Rise Time 
| FIGURE 9 — LARGE-SIGNAL TRANSIENT WAVEFORMS 
+10 V 


FIGURE 8 — POWER CONSUMPTION versus POWER 


SUPPLY VOLTAGES INPUT Oo 


-10 V 


Slew Rate 
V(+) to V(-) 


(Measurement Slew Rate 
Period) V(-) to V(+) 
(Measurement 
|g —-— 


Period) 


Allowable 
Error 
Band 


Output 


Pc, POWER CONSUMPTION (mW) 


10% 


Settling 


2.0 6.0 10 14 18 22 Time 


Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — SLEW RATE AND SETTLING TIME TEST CiIRCUIT* 
10 k* 


* Match to within 0.01%. 


False 1N916 
or Equivalent 


1N916 
= + or Equivalent 


Inputs of Amplifier Not Under 


Summing Test Should Be Grounded. 


Node 
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MC1458S, MC1558S. 


SETTLING TIME 


In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier Output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con- 
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
Capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 


SETTLING TIME MEASUREMENT 


In order to accurately measure the settling time of an 
Operational amplifier, it is suggested that the ‘‘false’’ 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de- 
termine when the waveform at the output of the op- 
erational amplifier settles to within 0.1% of it’s final 
value. Because the output and input voltages are ef- 
fectively subtracted from each other .at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 


FIGURE 11 — WAVEFORM AT 
FALSE SUMMING NODE 


(Inverting Mode) 


Pestle elo Le | 
Be ee 
usted nelle 
At 


200 mV/DIV 


1.0 us/DIV 


FIGURE 12 — EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 


(Inverting Mode) 


Input 


The solution to these problems is the creation of a 
second or ‘‘false’” summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure- 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con- 
sidered. The expression 


teetlg =N x2 + y2 + 22 


can be used to determine the actual amplifier settling 
time, where 
tsetig = observed settling time 

x = amplifier settling time (to be determined) 


y = false summing junction settling time 
Z = oscilloscope settling time 


It should be remembered that to settle within +0.1% 
requires 7RC time constants. 


The +0.1% factor was chosen for the MC1558S 
settling time as it is compatible with the +1/2 LSB 
accuracy of the MC1508L-8 digital-to-analog converter. 
This D-to-A converter features 0.19% maximum error. 


TYPICAL APPLICATION 
FIGURE 13 — 12.5-WATT WIDEBAND POWER AMPLIFIER 


+15 V 


MCL1304 
or Equivalent 
(Current 
Limiting 
Diode) 


0 a 
MCL1304 
or Equivalent 
0 (Current 


300 pF 


MJE1100 
or Equivalent 


MJ E1090 
or Equivalent 


Limiting 
~ Diode) 
= 0.1%. 
> ppm hnaae eaaanaay os eae uk ERROR 
e BAND 
= 
Delivers 12.5 watt into 4.0 ohms with less than 1% THD to 100 kHz. R 
Pins not shown are not connected. L 
1.0 us/DIV * Bias current adjustment to eliminate Crossover Distortion. 


**Epoxy to power transistor heat sink or case for maximum Thermal Feedback. — 
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(AA) MOTOROLA 


RF/IF/AUDIO AMPLIFIER 


_. an integrated circuit featuring wide-range AGC for use in RF/IF 
amplifiers and audio amplifiers over the temperature range, - 55 to 
+125°C. See Motorola Application Note AN-513 for design details. 


@ High Power Gain — 50 dB typ at 10 MHz 
45 dB typ at 60 MHz 
35 dB typ at 100 MHz 


@ Wide-Range AGC — 60 dB min, dc to 60 MHz 
@ Low Reverse Transfer Admittance — <10 umhos typ at 60 MHz 


@ 6.0 to 15-Volt Operation, Single-Polarity Power Supply 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


REPRESENTATIVE CIRCUIT SCHEMATIC 


79Vcc 


Pins 4 and 8 should both be connected to circuit ground. Substrate 


MC1590 


WIDEBAND AMPLIFIER. 
WITH AGC 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 


Case 
Ground 


G SUFFIX Non-Inv. (3) 
METAL PACKAGE '"9ut 
CASE 601-04 Substrat« 


Ground 


(Top View) 


ADMITTANCE PARAMETERS (Vcc = +12 Vdc, 
Ta= +25°0C) 


Single-Ended Input 

Admittance ; 
Single-Ended Output g22 | 0.05] 0.1 mmho 
Admittance b99 | 0.50] 1.0 


Forward Transfer lYoql 
Admittance 694 
(Pin 1 to Pin 5) (Polar) 


Reverse Transfer 
Admittance* 


*The value of Reverse Transfer Admittance includes 
the feedback admittance of the test circuit used in 
the measurement. The total feedback capacitance 
(including test circuit) is 0.025 pF and is a more 
practical value. for design calculations than the in- 
ternal feedback of the device alone. (See Figure 10.) 


SCATTERING PARAMETERS (Vcc = +12 Vdc, 
Ta = +25°C, Zo = 50 £2) 


f = MHz 
Parameter |Symbol 


Input Reflection} iS44| | 0.95 0.93 - 

Coefficient 644 -7.3 | -16 |degrees 

Output 

Reflection ISool | 0.99 | 0.98 ~ 

Coefficient 099 -3.0 -5.5 | degrees 
ISoi|] 16.8 | 14.7 a 
094 128 64.3 | degrees 

S12 |0.00048 0.0009 -~ 

012 79.2 | degrees 


F orward 
Transmission 
Coefficient 


Reverse 
Transmission 
Coefficient 
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ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, f = 60 MHz, BW = 1.0 MHz, Ta = -55°C to 125°C unless otherwise noted) 


AGC Range 
— (V2(AGC) = 5.0 V to 7.0 V) 
(V2(AGC) = 5.0 V to 7.0 V, Ta = 25°C) 
Single-Ended Power Gain 
(Ta = 25°C) 
Noise Figure 
(Rg optimized for best NF) (Ta = 25°C) 
Output Voltage Swing 
Differential Output 
(0 dB AGC) 
(0 dB AGC, Ta = 25°C) 
(~30 dB AGC) 
(-30 dB AGC, Ta = 259°C) 
Single-Ended Output (Pin 5, 6) 
(0 dB AGC) 
(0 dB AGC, Ta, = 25°C) 
(-30 dB AGC) 
(-30 dB AGC, Ta = 25°C) 
Output Stage Current 
(Sum of Pins 5 and 6) 


Output Current Matching 
(Magnitude of Difference of Output Currents) 
(I5 - Ig) (Ta = 25°C) 
Power Supply Current 
(Vo = OV) 
(Vo = OV, Ta = 25°C) 
Power Consumption (12 x Icc) 
(Vj =OV) 
(Vy =OV, Ty = 259°C). 


FIGURE 1 — UNNEUTRALIZED POWER GAIN versus FREQUENCY FIGURE 2 — VOLTAGE GAIN versus FREQUENCY 
(Tuned Amplifier, See Figure 24) (Video Amplifier, See Figure 26) 
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TYPICAL CHARACTERISTICS 
(V2 (AGC) = 9, Vec = 12 Vde, Ta = +25°C unless otherwise noted) 


FIGURE 3 — DYNAMIC RANGE: OUTPUT VOLTAGE versus FIGURE 4 — VOLTAGE GAIN versus FREQUENCY 
INPUT VOLTAGE (Video Amplifier, See Figure 26) (Video Amplifier, See Figure 26) 
10 RE AS OEE OSS Oe OF CE ONURE ann aD a ae ee 50 
anasasa 
20 ‘mannii eas. een 0 | ae a 
me cc = “ = Vec = 6.3 Vd 
g 2aGe) = 0 Volts messi 2% CT cc 
20 Peeve meena é SNE 
— a Poe a A 
o 10 =sess see =—ss=sees 4 a 
= 0.7 po queans aaaea — auene Ee 30 
w 0.5 a mes = 
2 @ aa > 
bt g [an} 
=. 0:2 = ww 
> = 20 Ari eer ee 
F Ol ae, ee Po ee a a i 
=> * SG Ga? ee sf 2 Oh 2S EE DE AG GED 2b ae Se oe uu 
& 0.07 PA ‘ @ 
anal SH % 10 
3 Pa tiie Aiea eee a 
ip ee > LL ArT TS 
: Lt + tty 
nor LLL aT P 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 03 0.5 1.0 3.0 5.0 10 30. = 550 100 300 
e;, INPUT VOLTAGE (mV RMS) f, FREQUENCY (MHz) 
FIGURE 5 — VOLTAGE GAIN AND SUPPLY CURRENT versus FIGURE 6 — TYPICAL GAIN REDUCTION 
SUPPLY VOLTAGE (Video Amplifier, See Figure 26) versus AGC VOLTAGE 
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FIGURE 8 — FIXED TUNED POWER GAIN REDUCTION 
FIGURE 7 — TYPICAL GAIN REDUCTION versus AGC CURRENT versus TEMPERATURE (See Test Circuit, Figure 24) 
+50 
+40 
= as 
S = +2) 
ra ra) 
OQ [a <q 
= Lat 
a = 
[ee fe) 
[a a a. 
2 a 
— oo + ane 
S Voc = 12 Vde 
f = 60 MHz 
Race = 5.6 k2 
-40 -20 0 20 40 60 80 100 120 140 160 50 52 54 56 58 60 62 64 66 68 7.0 
lage AGC CURRENT (uA) VR(AGC) AGC VOLTAGE (VOLTS) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-105 


MC1590 
TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 — POWER GAIN versus SUPPLY VOLTAGE FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus 
(See Test Circuit, Figure 24) FREQUENCY (See Parameter Table, Page 1) 
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FIGURE 11 — NOISE FIGURE versus FREQUENCY FIGURE 12 — NOISE FIGURE versus SOURCE RESISTANCE 
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FIGURE 13 — NOISE FIGURE versus AGC GAIN REDUCTION 


NOISE FIGURE (dB) 


Test Circuit Has Tuned Input 
Providing a Source Resistance 
Optimized for Best Noise Figure. 


GAIN REDUCTION (dB) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 14 — SINGLE-ENDED OUTPUT ADMITTANCE FIGURE 15 — SINGLE-ENDED INPUT ADMITTANCE 
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FIGURE 16 — HARMONIC DISTORTION versus AGC GAIN FIGURE 17 — 10.7-MHz AMPLIFIER 
REDUCTION FOR AM CARRIER (For Test Circuit, See Figure 17) Gain ~ 55 dB, BW = 100 kHz 
: ee eee 
35 f = 10.7 MHz 
Modulation: 90% AM, fm = 1.0 kHz a | 
ia Load at Pind = 2.0 k2 760 mVpp 36 pF Z 
f ¢ 5 5082 
Eq = Peak-to-Peak Envelope of 56k unad 
25 Modulated 10.7 MHz VR (AGC) © 
Carrier at Pin 5 
10.7MHz ) 
(50 &2 Sourée) 


82 pF 


deel cade all ff} — 
ee a . 
L2 = 20 Turns, No. 22 AWG Wire 

on aT12-44 Micro Metal 


a nr 30 a 50 60 70 80 Toroid Core (-100 pF) 
GAIN REDUCTION (dB) 


HARMONIC DISTORTION IN DETECTED 
MODULATION (PERCENT) 
a 8 


L1 = 24 Turns, No. 22 AWG Wire 
on a 712-44 Micro Metal 


oF 
| 


Toraid Core (~124 pF) 


ao 


Oo 
~ 
tom) 


FIGURE 18 — Y21, FORWARD TRANSFER ADMITTANCE FIGURE 19 — Y21, FORWARD TRANSFER ADMITTANCE 
RECTANGULAR FORM POLAR FORM 


SHG} ARE Fin 
160 ee a en 


UTPUT — Pin 5 


lY21i, MAGNITUDE OF FORWARD 
ADMITTANCE (degrees) 


TRANSFER-ADMITTANCE (mmhos) 
621, ANGLE OF FORWARD TRANSFER 


Y21, FORWARD TRANSFER ADMITTANCE (mmhos) 
fan} 


100 200 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 20 — S44 AND S29, INPUT AND OUTPUT FIGURE 21 — S44 AND S22, INPUT AND OUTPUT 
REFLECTION COEFFICIENT . REFLECTION COEFFICIENT 
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FIGURE 22 — S91, FORWARD TRANSMISSION FIGURE 23 — S12, REVERSE TRANSMISSION 
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TYPICAL APPLICATIONS 


FIGURE 24 — 60-MHz POWER GAIN TEST CIRCUIT 


C3 


! Shield 
4} Output 
(50 62) 


Input 
(5082) 


+12 Vde 


VR(AGC) 


L1=7 Turns, #20 AWG Wire, 5/16” Dia., C1,C2,C3 = (1-30) pF 
5/8” Long C4 = (1-10) pF 
L2 = 6 Turns, #14 AWG Wire, 9/16” Dia., 
3/4” Long 


FIGURE 25a — PROCEDURE FOR SET—UP 
USING FIGURES 24 OR 25 


[tet [ain [Vata [RAGS 
F Wage | 22emv(-aodem) | s7v | 0 | 
a 
<s0v | 56 
VOCR(5) 
VOCR(6) 
Voor 
(QdB) 


Adjust ejn for 

Square Wave Output 
V2(AGC) = VR(AGC) 
=OV 

Adjust ejn to 1.0 mV 
Adjust VR(AGC) so 
that output is -30 dB 
then reset ejn to Square 
Wave Output 


(-30 dB) 


FIGURE 27 — 30-MHz AMPLIFIER 
(Power Gain = 50 dB, BW ~ 1.0 MHz) 


Tl 
(1-30) pF 


Input 
(509) 


Be 


Y 4 
C) 
A 8 


38 pF 


VR(AGC) = +12 Vdc 
L1 = 12 Turns #22 AWG Wire on a Toroid Core, 
(T37-6 Micro Metal or Equiv) 
T1: Primary = 17 Turns #20 AWG Wire on a Toroid Core, 
(144-6 Micro Metal or Equiv) 
Secondary = 2 Turns #20 AWG Wire 


Ry = 5022 


FIGURE 25 — DIFFERENTIAL OUTPUT VOLTAGE SWING, 
(V5, V6) (60 MHz) 


L1: 7 Turns, = 22 AWG Wire 
on 5/16" Dia. Form, 
5/8” Long 
T1. Close Wound Over 1/4" Form 
Primary Winding 16 Turns = 26 AWG, Center Tapped 
Secondary Winding- 2 Turns = 26 AWG. 


FIGURE 26 — VIDEO AMPLIFIER 


1.0 uF 


Ts) 
VR(AGC) 
VR(AGC) 
0.001 pF +12 Vde 
FIGURE 28 — 100 MHz MIXER 
VAGC = 6.0V 
Input from 
Local Oscillator (1-10) pF 
(70MHz) ~— 190 (1-30) pF 


1F Output 
(1-10) pF (30 MHz) 
Signal input 
(100 MHz) 
(1-30) pF +12 Vde 


0.002 uF 


tL 


L1=5 Turns, 416 AWG Wire, 1/4” ID, 
5/8" Long 

L2 = 16 Turns, #20 AWG Wire ona Toroid 
Core, (144-6 Micro Metal or Equiv) 


MOTOROLA LINEAR/INTERFACE DEVICES 


NMIC1590 


TYPICAL APPLICATIONS (continued) 


FIGURE 29 — TWO-STAGE 60 MHz IF AMPLIFIER (Power Gain ~ 80 dB, BW ~ 1.5 MHz) 


VR(AGC) 10k 


(1-10) pF 


TI 0.002 uF 12 


Output 
+ (502) 


(1-10) pF 


0.002 uF 10 wH 


T2: Primary Winding = 10 Turns, #22 AWG Wire, 1/4°° 1D Air Core 
Secondary Winding = 2 Turns, #22 AWG Wire, 
Coefficient of Coupling = 1.0 


T1: Primary Winding = 15 Turns, #22 AWG Wire, 1/4’ ID Air Core 
Secondary Winding = 4 Turns, #22 AWG Wire, 
Coefficient of Coupling = 1.0 


FIGURE 30 — SPEECH COMPRESSOR 


O) 
2 10 ue Output 
O © 
© O 
3 
O O8 — 
H12VO +12V9O 
= O 


15 uF 
| 2202 22k 
15k 


Qi 


| 

| MPS6517 
Q2 | Vr 

| 

| 
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DESCRIPTION OF SPEECH COMPRESSOR 


The amplifier drives the base of a PNP MPS6517 operating common-emitter with a voltage gain of approxi- 
mately 20. The control R1 varies the quiescent Q point of this transistor so that varying amounts of signal 
exceed the level V,. Diode D1 rectifies the positive peaks of Q1’s output only when these peaks are greater 
than V, ~ 7.0 Volts. The resulting output is filtered by Cy, Ry. . 

Ry controls the charging time constant or attack time. C, is involved in both charge and discharge. R2 (the 
150 kQ and input resistance of the emitter-follower Q2) controls the decay time. Making the decay long and 
attack short is accomplished by making R, small and R2 large. (A Darlington emitter-follower may be needed 
if extremely slow decay times are required.) 

The emitter-follower Q2 drives the AGC Pin 2 of the MC1590 and reduces the gain. R3 controls the slope 
of signal compression. The following graph (Figure 31) details performance with R3 set to 15 k Q2. 
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FIGURE 31 — OUTPUT VOLTAGE versus INPUT VOL TAGE FIGURE 32 — OUTPUT CURRENT, 
CURRENT MATCH AND Icc FIXTURE 


- See Figure 30 oes 


@p, OUTPUT VOLTAGE (VOLTS) 


: Mestad from 100 Hz to 10 kHz 
for Values of Attack from : 
3.0 to 4.0 ms 


“0.1 03 05 1.0 30 50 10 30 50 100 
e;, INPUT VOLTAGE (mV) 


TABLE | — DISTORTION versus FREQUENCY 


DISTORTION 


FREQUENCY 


100 Hz 
300 Hz 
1.0 kHz 
10 kHz 

100 kHz 


Notes 1 and 2 Notes 3 and 4 


Note: (1) Decay = 300 ms 

Attack = 20 ms 

(2) Cy =7.5 uF 
Rx = 0 (Short) 

(3) Decay = 20 ms 
Attack = 3 ms 

(4) Cy = 0.68 uF 
Rx =1.5k2 
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ORDERING INFORMATION 


MC1 709 Device Temperature Range Package 


MCi1 709A MC1709CG 0°C to +70°C Metal Can 
MC1709CU 0°C to +70°C Ceramic DIP 

MC1 709C MC1709CP1 0°C to + 70°C Plastic DIP 

. MC1709G,AG — 55°C to + 125°C Metal Can 
_ MC1709AU_ —55°C to +125°C Ceramic DIP 


MONOLITHIC OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


.. . designed for use as a summing amplifier, integrator, or amplifier 
| with operating characteristics as a function of the external feed- 
back components. 


@ High-Performance Open Loop Gain Characteristics 
Ayvol = 45,000 typical 


Low Temperature Drift — +3.0 uV/°C typical (MC1709) 
Large Output Voltage Swing — +14 V typical @ +15 V Supply 
Low Output Impedance — zg = 150 ohms typical 


PIN CONNECTIONS 
Input Freq. Comp. 


(Top View) 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


G SUFFIX 
pT Rating | Symbol | Value METAL PACKAGE 


Power Supply Voltage Vcc +18 CASE 601-04 
VEE — 18 


‘| Input Differential Voltage Range VIDR 
Input Common-Mode Range VICR P1 SUFFIX 
Output Load Current eit oo] de Pee Gee ae” 

CASE 626-04 
Output Short-Circuit Duration | tg | 50 | (MC1709C only) 


Power Dissipation (Package Limitation) 
Metal Can 


Derate above Ta = +25°C ~ : | CER Pere ree 
Plastic Dual In-Line Packages (MC1709C only) CASE 693-02 


Derate above Ta = +25°C 
Ceramic Dual In-Line Package (Top View) 
Derate above Ta = +25°C Input Freq. Input Freq. 


Operating Ambient MC1709A, MC1709 ON: 8] Comp. 
Temperature Range MC1709C 
Storage Temperature Range 


Metai and Ceramic Packages —65 to + 150 Output Freq. 
Plastic Packages —55 to +125 Comp. 


FIGURE 1 — EQUIVALENT CIRCUIT SCHEMATIC 


INPUT COMPENSATION 


OUTPUT 


o OUTPUT 


INVERTING Resell best 
/ERTIN m=. CON ENSATION 
Pra on Aig 
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MC1709, MC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V<Vcc S15 V, -9.0 V 2 Veg 2-15 V, Ta = 25°C) 
Mc1709 , 
yp 


input Offset Voltage 
(Rs < 10 kQ) 
Input Offset Current 
input Bias Current 
Input Resistance 
Output Resistance 
Power Supply Currents 
(Vcc = 15 V, Veg = -15 V) 
Power Consumption 
(Vcc = 15 V, Veg = -15 V) 
Transient Response 
(Voc = 15 V, Veg =-15 V) See Figure 8 
Risetime 
Overshoot 


Characteristic 


Input Offset Voltage 
(Rg < 10 kQ) 
Average Temperature Coefficient of Input Offset Voltage 
(Rg =50 2, Tp = 25°C to 125°C) 
(Rg = 50 2, Tp = -55°C to 25°C) 
(Rg = 50 2, Ty = -55°C to 125°C) 
(Rg = 10 kQ, Ta = 25°C to 125°C) 
(Rg = 10 kQ, Tp = -55°C to 25°C) 
(Rs = 10 kQ, Ta = -55°C to 125°C) 
Input Offset Current 
(Ta = -55°C) 500 
(Ta = 1259C) 
Average Temperature Coefficient of Input Offset Current 
(Ta =-55°C to 25°C) 
(Ta = 25°C to 125°C) 
500 


Input Resistance 
(Ta = -55°C) 
Input Common-Mode Voltage Range 
(Vcc = 15 V, Veg =-15V) 
Common Mode Rejection Ratio 
(Rg S10 kQ) 
Supply Voltage Rejection Ratio 
(Voc = 15 V, Veg = -15 V, Rg S10 kQ) 
Large Signal Voltage Gain 
(Voc = 15 V, Veg =-15 V, Ry 22.0 kQ, 
Vo=+#15V) 
Output Voltage Range 
(Vcc = 15 V, Veg = -15 V) 
(Rp 210 kQ) 
(Ry 22.0 kQ) 
Power Supply Currents 
(Vcc = 15 V, Veg = -15 V) 
(Ta = -55°C) 
(Ta = 125°C) 
Power Consumption 
(Vcc = 15, Veg =-15 V) 
(Ta = -55°C) 
(Ta = 125°C) 
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MC1709, MC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise ntoed, Vcc = 15 V, Veg = -15 V, Ta = 25°C) © 


Input Bias Current 
Input Resistance 
Output Resistance 
Power Consumption 
Large Signal Voltage Gain 
(RE > 2.0k2,Vo =+10V) 
Output Voltage Range 
(Ry 210 kQ) 
(Ry 22.0 kQ) 
Input Common-Mode Voltage Range 


Common Mode Rejection Ratio 
(Rg S10 kQ) 

Supply Voltage Rejection Ratio 
(Rg S10 kQ) 


Transient Response 
See Figure 8 
Rise Time 
Overshoot 


Parameter 


Input Offset Voltage 
(Rg < 10k2,9.0V <Vec < 15V,-9.0V >VeEE > 15V) 


Input Offset Current 
Input Bias Current 


Large Signal Voltage Gain 
(RL = 2.0k2,Vg =+10V) 
Input Resistance 


TYPICAL CHARACTERISTICS 


FIGURE 2 — TEST. CIRCUIT 


(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C) Test Conditions | 


Curve No. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-114 


MC1709, MC1709A, MC1709C 


FIGURE 4 — CLOSED LOOP VOLTAGE 
FIGURE 3 — LARGE SIGNAL SWING versus FREQUENCY GAIN versus FREQUENCY 
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FIGURE 5 — OPEN LOOP VOLTAGE FIGURE 6 — VOLTAGE GAIN versus 
GAIN versus FREQUENCY POWER SUPPLY VOLTAGE 
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Ay, OPEN-LOOP VOLTAGE GAIN (dB) 
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FIGURE 7 — SLEW RATE versus CLOSED LOOP GAIN 
USING RECOMMENDED COMPENSATION NETWORKS FIGURE 8 — TRANSIENT RESPONSE TEST CIRCUIT 
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ORDERING INFORMATION 


Device Temperature Range Package 

MC1733 MC1733G —55°C to +125°C Metal Can 
MC1733L —55°C to +125°C Ceramic DIP 

MC1733C MC1733CG 0°C to +70°C Metal Can 
MC1733CL o°c to +70°C Ceramic DIP 

Mic1733CP 0°C to +70°C Plastic DIP 


DIF DIFFERENTIAL VIDEO 
FERENTIAL VIDEO AMPLIFIER IGCOAND A MPLIFICG 


SILICON MONOLITHIC 


. .a wideband amplifier with differential input and differential out- INTEGRATED CIRCUIT 
put. Gain is fixed at 10, 100, or 400 without external components 


or, with the addition of one external resistor, gain becomes adjustable 
from 10 to 400. 


@ Bandwidth — 120 MHz typical @ Ayg = 10 G SUFFIX 

: : , METAL PACKAGE 
@ Rise Time — 2.5 ns typical @ Ayg = 10 CASE 603-04 
@ Propagation Delay Time — 3.6 ns typical @ Ayg = 10 TO-100 


GiA 
AIN SELECT 
FIGURE 1 — BASIC CIRCUIT FIGURE 2 — VOLTAGE GAIN s G 


ADJUST CIRCUIT 
GAIN SELECT 


enna eran. 


Vcc Gia Gig 


OUTPUT 2 


(top view) 
OUTPUT G2 . 
1 
1k G1B 
GAIN SELECT 


INPUT 1 


, ¢— OUTPUT (Top View) 
02uF $,, 2 


CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


VEE G2A Gap 


L SUFFIX 


GAIN SELECT VEE Gaa Gag 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


0 
GAIN ) G1A 
SELECT Gon INPUT 2 INPUT 1 
o . NC NC 
G2p GAIN SELECT Ga GAIN SELECT 
G1p GAIN SELECT G1 GAIN SELECT 
VEE VCC 
NC NC 
OUTPUT 2 OUTPUT 1 


Gain ) &28 
SELECT { Gig 


(top view) 


(Top View) 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


Power Supply Voltage Vcc +8.0 Volts | 
VEE -8.0 


r ee 


10 

Internal Power Dissipation (Note 1) 
500 mw 
500 


Metal Can Package 
Ceramic Dual In-Line Package 


[tye [Max | min | typ | Max 


Characteristic 


Differential Voltage Gain 

Gain 1 (Note 2) 
Gain 2 (Note 3) 
Gain 3 (Note 4) 


Bandwidth 
Gain 1 
Gain 2 
Gain 3 


Rise Time (R,=5022,V5=1 Vp-p) 
Gain 1 
Gain 2 
Gain 3 


Propagation Delay (R,=5082,Vo = 1 Vp-p) 
Gain 1 
Gain 2 
Gain 3 


Input Resistance 
Gain 1 
Gain 2 
Gain 3 


< 
ad 


=) SS 
nan 
N 


(R, =5022) 


n 


nh 


(Gain 2) 


12 

12 

: : 10 

k $2 
_ 4.0 — 4.0 
20 30 10 30 
_ 250 = 250 
Input Offset Current (Gain 3) Pee: 


a ieee 
a ae a a ae . 
input Bias Current Gain 3) | te T= 80 | 0 | | 90 | 30 


Input Noise Voltage (R, = 502, Vn 12 uV(rms) 
BW = 1 kHz to 10 MHz 


Input Voltage Range (Gain 2) 


Input Capacitance 


oO 
S 
oa 
oO 
ED 
> 


= 
> 


Common-Mode Rejection Ratio 
Gain 2 (Vom = £1 V, f € 100 kHz) 
Gain 2 (Vom = £1 V, f = 5 MHz) 


Supply Voltage Rejection Ratio PSRR 
Gain 2 (AV, = +0.5 V) 50 70 50 70 


Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 
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: MC1733, MC1733C 


ELECTRICAL CHARACTERISTICS (Vcc = +6.0 Vdc, Veg = -6.0 Vdc, at Ta = Thigh to Tiow unless otherwise noted.) * 


Differential Voltage Gain 
Gain 1 (Note 2) 

| Gain 2 (Note 3) 

Gain 3 (Note 4) 
Input Resistance 

Gain 2 
Input Offset Current (Gain 3) 
Input Bias Current (Gain 3) 


Input Voltage Range (Gain 2) 


Common-Mode Rejection Ratio 

Gain 2 (Vem = £1 V, f S100 kHz) 
Supply Voltage Rejection Ratio 

Gain 2 (AV, = +0.5 V) 


Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 


Output Voltage Swing (Gain 2) 
Output Sink Current (Gain 2) 


Power Supply Current (Gain 2) 


*Tiow = 0°C for MC1733C, -55°C for MC1733 
Thigh = +70°C for MC1733C, +125°C for MC1733. 
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FIGURE 4 — MAXIMUM ALLOWABLE POWER DISSIPATION 


NOTES 


Note 1: Derate metal package at 6.5 mW/°C for operation at 
ambient temperatures above 75°C and dual in-line pack- 
age at 9 mW/°C for operation at ambient temperatures 
above 100°C (see Figure 4). If operation at high am- 
bient temperatures is required (MC1733) a heatsink 
may be necessary to limit maximum junction tempera- 
ture to 150°C. Thermal resistance, junction-to-case, 
for the metal package is 69.4°C per Watt. 

Note 2: Gain Select pins Gya and Gypg connected together. 

Note 3: Gain Select pins Goa and Gop connected together. 

Note 4: Alt Gain Select pins open. 


CERAMIC DUAL 
IN-LINE PACKAGE 


Pp, INTERNAL POWER DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 
TYPICAL CHARACTERISTICS 


(Vcc = +6.0 Vdc, VEE = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 
FIGURE 5 — SUPPLY CURRENT versus TEMPERATURE FIGURE 6 — SUPPLY CURRENT versus SUPPLY VOLTAGE 


Ip, SUPPLY CURRENT (mA) 
Ip, SUPPLY CURRENT (mA) 


betes Jed 
Ede 
E dled 
oe 
i 
Si 
pds! 
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Ta, AMBIENT TEMPERATURE (°C) Vcc, IVEEI, SUPPLY VOLTAGE (VOLTS) 
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TYPICAL CHARACTERISTICS (continued) 
(Vcc = +6.0 Vdc, Veg = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 7 — GAIN verus TEMPERATURE FIGURE 8 — GAIN versus FREQUENCY 
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| | TYPICAL CHARACTERISTICS (continued) 
(Vcc = +6.0 Vde, Veg = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 13 — PULSE RESPONSE versus GAIN FIGURE 14 — PULSE RESPONSE versus SUPPLY VOLTAGE 


GAIN 2 
Re = 1.0 kQ 


UT VOLTAGE (VOLTS) 
+ 


Vo, OUTPUT VOLTAGE (VOLTS) 


Vg, OUTP 


-15 -10 =-5.0 0 +50 +10 +15 +20 +25 +30 +35 


t, TIME (ns) t, TIME (ns) 


FIGURE 16 — DIFFERENTIAL OVERDRIVE 
FIGURE 15 — PULSE RESPONSE versus TEMPERATURE RECOVERY TIME 


GAIN 2 
RE = 1.0ke2 


Vg, OUTPUT VOLTAGE (VOLTS) 
DIFFERENTIAL INPUT VOLTAGE (mV) 
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t, TIME (ns) . OVERDRIVE RECOVERY TIME (ns} 


FIGURE 17 — PHASE SHIFT versus FREQUENCY FIGURE 18 — PHASE SHIFT versus FREQUENCY 
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MC1733, MC1733C 


TYPICAL CHARACTERISTICS (Continued) 
(Vcc = +6.0 Vdc, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 19 — INPUT RESISTANCE versus TEMPERATURE FIGURE 20 — INPUT NOISE VOLTAGE 
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Vg, OUTPUT VOLTAGE SWING (Vp-p) 
Ig, OUTPUT SINK CURRENT (mA) 
Vg, OUTPUT VOLTAGE SWING (Vp-p) 


Vcc, SUPPLY VOLTAGE (VOLTS) R,, LOAD RESISTANCE (£2) 


FIGURE 23 — OUTPUT VOLTAGE SWING versus FREQUENCY FIGURE 24 — COMMON-MODE REJECTION RATIO 
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APPLICATIONS INFORMATION 


FIGURE 25 — VOLTAGE CONTROLLED OSCILLATOR 


© Output 


2N4360 or 
equiv. 


Control 
Voltage 


Ve 
VEE 
By changing the voltage Vc the gain will 
vary over a range of 10 to 400. This will 
give a frequency variation about the value 
set by the capacitor and shown in Figure 26. 


TAPE,DRUM OR DISC MEMORY READ AMPLIFIERS 


The first of several methods to be discussed is shown in 
Figure 27. This block diagram describes a simple Read cir- 
cuit with no threshold circuitry. Each block represents a 
basic function that must be performed by the Read circuit. 
The first block, referred to as ‘‘amplfiication”, increases 
the level of the signal available from the Read head to a 
level adequate to drive the peak detector. Obviously, these 
signal levels will vary depending on factors such as tape 
speed, whether the system used is disc or tape, and the 
type of head and the circuitry used. For a representative 
tape system, levels of 7 to 25 mV for the signal from the 
Read head and 2 V for the signal to the peak detector are 
typical. These signal levels are ‘‘peak-to-peak’” unless 
otherwise specified. On the basis of the signal levels men- 
tioned above, the overall amplification required is 38 to 
49 dB. 

How the overall gain requirement is implemented will 
depend somewhat on the system used. For instance, a 
tape cassette system with variable tape speed may utilize 
a first stage for gain and a second stage primarily for gain 
control. Thus, atypical circuit would utilize 35 dB in the 
first stage and 10 to 15 dB in the second stage. 

Devices suitable for use as amplifiers fall into one of 
two categories, Operational amplifiers or wideband video 
amplifiers. Lower speed equipment with low transfer rates 
commonly uses low cost operational amplifiers. Examples 
of these are the MC1741, MC1458, MC1709, and MLM301. 


Equipment requiring higher transfer rates, such as disc . 


systems normally use wideband amplifiers such as the 
MC1733. The actual cross-over point where wideband 
amplifiers are used exclusively varies with equipment de- 


FIGURE 27 — TYPICAL READ CIRCUIT (METHOD 1) 
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FIGURE 26 — OSCILLATOR FREQUENCY FOR 
VARIOUS CAPACITOR VALUES 
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sign. For purposes of comparison, the MLM301 has 


slightly less than a 40 dB open-loop gain at 100 kHz; the 
MC1741,acompensated op-amp, has approximately 20 dB 
open loop gain at 100 kHz; the MC1733 has approximately 
33 dB of gain out to 100 MHz (depending on gain option 
and loading). 

There are a number of ways to implement the peak 
detector function. However, the simplest and most widely 
used method is a passive differentiator that generates ‘‘zero- 
crossings” for each of the data peaks in the Read signal. 

The actual circuitry used to differentiate the Read sig- 
nal varies from a differential LC type in disc systems to a 
simple RC type in reel and cassette systems. Either type, 
of course, attenuates the signal by an amount depending 
on the circuit used and system specifications. A good 
approximation of attenuation using the RC type is 20 dB. 
Thus, the 2 V signal going into the differentiator is reduced 
to 200 mV. 

The next block in Figure 27 to be discussed is the 
zero-crossing detector. In most cases detection of the zero- 
crossings is combined with the limiter. These functions 
serve to generate a TTL compatible pulse waveform with 
“edges” corresponding to zero-crossings. For low transfer 
rates, the circuit often used consists of an operational 
amplifier with series or shunt limiting. For higher transfer 
rates (greater than 100K B/S) comparators are used. 

The method described above is often modified to in- 
clude threshold sensing. In Figure 28, the function called 
“double-ended, limit-detector’’ enables the output NAND 
gate when either the negative or positive data peaks of the 
Read signal exceed a predetermined threshold. This func- 
tion can be implemented in either of two ways. One 
method first rectifies the signal before it is applied to a 
comparator witha set threshold. The other method utilizes 
two comparators, one comparator for positive-going peaks 
and the other for negative-going peaks. These comparator 
outputs are then combined in the output logic gates. 
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APPLICATIONS INFORMATION (continued) 


FIGURE 28 — READ CIRCUIT (METHOD 2) 


Amplifiers Peak : 
MC1733 Detector Limiter 
Double Ended 

Limit Detector Outputs 


Another common technique is shown in Figure 29. 
The branch labeled rectifiers, peak detector, etc., provides 
a clock transition of the D flip-flop that corresponds to 
the peak of both the positive and negative-going data 
peaks. This branch may include threshold circuitry prior to 
the peak detector. The detector in the lower path detects 
whether the signal peaks are positive or negative and feeds 
this data to the flip-flop. This detector can be implemented 
using a comparator with pre-set threshold. 


Zero 
Crossing 
Detector 


FIGURE 29 — READ CIRCUIT (METHOD 3) 
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MC1733 
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Detector 
2 J 


Rectifiers 


Detector 


The technique shown in Figure 30 uses separate cir- 
cuits with threshold provisions for both negative and 
positive peaks. The peak detectors and threshold detectors 


Output 


may be implemented with two comparators and two 
passive differentiators. 

Each of the methods shown offer certain intrinsic ad- 
vantages or disadvantages. The overall decision as to which 
method to use however often involves other important 
considerations. These could include cost and system re- 
quirements or circuitry other than simply the Read cir- 
cuitry. For instance, if cost is the predominate overall 
factor, then approach one may be the only feasible 
alternative. 

Method four was included as a design example because 
it illustrates several unique advantages. First, it uses 
threshold sensing to reduce noise peak errors. Second, it 
may be implemented using only integrated circuits. Third, 
it offers separate, direct threshold sensing for both pos- 
itive and negative peaks. 


FIGURE 30 — READ CIRCUIT (Method 4) 
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ORDERING INFORMATION 


Temperature 
Device Alternate Range Package 
MC1741CG LM741CD, wA741HC — O°. to + 70°C Metal Can 
MC1 741 MCi1 741C MC1741CP1 LM741CN, pA741TC  0°Cto +70°C _—Plastic DIP 
| MC1741NCP1 = OC to +70°C _—Plastic DIP 
| MC1741CU,NCU > O°C to +70°C — Ceramic DIP 
MC1741N, MC1 741 NC MC1741G,NG Zs 55°C to +125°C —- Metal Can 
MC1741U,NU = —55°C to +125°C Ceramic DIP 
MC1741NCG — 0°C to +70°C Metal Can 


INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIERS 


.. . designed for use as a summing amplifier, integrator, or amplifier with 
operating characteristics as a function of the external feedback 
components. 


No Frequency Compensation Required 

Short-Circuit Protection 

Offset Voltage Null Capability 

Wide Common-Mode and Differential Voltage Ranges 
Low-Power Consumption 

No Latch Up 

Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601-04 


Noninvt Input @) Offset Null 


0 
O VEE 
(Top View) 
P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 
{ - | (MC1741C, MC1741NC) 


U SUFFIX 


CERAMIC PACKAGE 


Storage Temperature Range Tstg °C 
Metal and Ceramic Packages -—65 to +150 
Plastic Packages —55 to +125 


Note 1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to 
the supply voltage. 
Note 2. Supply voltage equal to or less than 15 V. 


EQUIVALENT CIRCUIT SCHEMATIC 


NON-INVERTING 
INPUT < 


INVERTING 
INPUT 


MOTOROLA LINEAR/INTERFACE DEVICES 
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CASE 693-02 


Offset Null [1 
Invt Input | 
Noninvt Input [3] 


Offset Null 
(Top View) 


MC1741, MC1741C, MC1741N, MC1741NC 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Veg = 15 V, Tap = 25°C unless otherwise noted). 


Input Offset Voltage 
(Rg S10 k) 
Input Offset Current 
Input Bias Current 
Input Resistance 
Input Capacitance 
Offset Voltage Adjustment Range 


Large Signal Voltage Gain 
(Vo = 410 V, RL = 2.0 k) 


Common Mode Rejection Ratio 
(Rs < 10 k) 

Supply Voltage Rejection Ratio 
(Rg S10 k) 

Output Voltage Swing 
(Ry >] 10 k) 
(Ry = 2 k) 

Output Short-Circuit Current 


N 
jo) 


> j+ i+ 
i —_™ — 
= ws 


Supply Current 


Power Consumption 


Transient Response (Unity Gain — Non-Inverting) 
(Vj = 20mvV,RL > 2k, CL < 100 pF) Rise Time 


(Vj) =20mV,RL 22k,C_ < 100 pF) Overshoot 
(V;=10V, RL >2k,C_ <100pF) Slew Rate 


Characteristic 


Input Offset Voltage 
(Rg S10 kQQ) 

Input Offset Current 
(Ta = 125°C) 
(Ta = -55°C) 
(Ta = 0°C to +70°C) 


Input Bias Current 
(Tp = 125°C) 
(Ta = -55°C) | 
(Tp = 0°C to +70°C) 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio 
(Rg S10 k) 
Supply Voitage Rejection Ratio 
(Rg S10 k) 
Output Voltage Swing 
(Ry 210 k) 
(Rp 22k) 
Large Signal Voltage Gain 
(Rp 22k, Vout = #10 V) 
Supply Currents 
(Ta = 125°C) 
(Ta = -55°C) 


*Thigh = 125°C for MC1741 and 70°C for MC1741C 
Tiow = ~-55°C for MC1741 and O°C for MC1741C 
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MC1741, MC1741C, MC1741N, MC1741NC 


NOISE CHARACTERISTICS (Applies for MC1741N and MC1741NC only, Vcc = 15 V, Veg = -15V, Ta = +25°C) 


MC1741NC 
Characteristic Symbol | Min | | Max | Min | Typ | Max_| Unit 
va hoi tty fle - 


(BW = 1.0 Hz to 1.0 kHz,t = 10s, Rs = 100 k) 
(Input Referenced) 


FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE 
oo ooo os = 100 eS $i mess eins os ny gS tas enh St GSU cee ee mas 
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Rs, SOURCE RESISTANCE (OHMS) Rs, SOURCE RESISTANCE (OHMS) 
FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY 
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Ht See e eee nisie 
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10 100 1.0 k 10 k 10 100 1.0 k 10 k 100 k 
Rs, SOURCE RESISTANCE (OHMS) f, FREQUENCY (Hz) 


FIGURE 5 — BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 


100 k Positive 
Threshold 
Voltage 


To Pass/Fail 
Indicator 
1k 
Operational Amplifier ee 
Under Test ae 
wae oe 1.0 Hz to 1 kHz 
. Negative 
Threshold 

For applications where low noise performance is essential, selected Voltage 
devices denoted by an N suffix are offered. These units have been 
100% tested for burst noise pulses on a special noise test system. The test time employed is 10 seconds and the 20 nV peak 
Unlike conventional peak reading or RMS meters, this system was limit refers to the operational amplifier input thus eliminating 
especially designed to provide the quick response time essential to errors tn the closed-loop gain factor of the operational amplifier 
burst (popcorn) noise testing. under test. 
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MC1741, MC1741C, MC1741N, MC1741NC 


TYPICAL CHARACTERISTICS 
(Vcc =+15 Vdc, Veg = -15 Vdc, Ta - +25°C unless otherwise noted} 


FIGURE 6 —POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE 


2 eee 


at HII an mali 
E Te Ct Oh 
w 20 r 
[aa] 
| ood 
oS 16 
> 
a 12 
> 
° TAGE FOLLOWER) 
2 8.0 
> 
4.0 
0 
10 100 1.0k 10k 100 k 1.0 19 100 1.0k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 9 —NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus LOAD RESISTANCE 
~ a 
a 2 
= > 
Po w 
r~<¢ wo 
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5 = 
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a. > 
oO D> 
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> Ss 


1.0 I: 
100 200 500 700 1.0k 2.0 k 5.0k7.0k 10k 100 200 500 700 1.0k 2.0k 50k 7.0k 10k 
Rc, LOAD RESISTANCE (OHMS) RL, LOAD RESISTANCE (OHMS) 


FIGURE 10 — OUTPUT VOLTAGE SWING versus 


LOAD RESISTANCE (Single Supply Operation) FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER 


Vo, OUTPUT VOLTAGE SWING (Vp.p) 


0 
0 10 #20 30 40 50 60 70 8.0 9.0 10 
Ri, LOAD RESISTANCE (k92) 
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MC1741, MC1741C, MC1741N, MC1741NC 


FIGURE 12 — NONINVERTING PULSE RESPONSE 


5.0 V/DIV 


10 us/DIV 


FIGURE 13 — TRANSIENT REPONSE TEST CIRCUIT 


To Scope 
(Input) 


To Scope 
(Output) 


FIGURE 14 — OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


Ay, VOLTAGE GAIN (dB) 


0 20 40 60 80 10 12 4 «6 128 20 
Vcc, |VEE!, SUPPLY VOLTAGES (VOLTS) 


eee 
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ORDERING INFORMATION 
Device Temperature Range Package 


MC1741SG -—55°C to +125°C Metal Can 
MC1741SCG O°C to + 70°C Metal Can 
MC1741SCP1 O°C to + 70°C Plastic DIP 


HIGH SLEW-RATE INTERNALLY-COMPENSATED 
OPERATIONAL AMPLIFIER 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC : 
INTEGRATED CIRCUIT 


The MC1741S/MC1741SC is functionally equivalent, pin com- 
patible, and possesses the same ease of use as the popular MC1741 
circuit, yet offers 20 times higher slew rate and power bandwidth. 
This device is ideally suited for D-to-A converters due to its fast 
settling time and high slew rate. 


G SUFFIX 
* METAL PACKAGE 
High Slew Rate — 10 V/us Guaranteed Minimum (for unity gain only) CASE 601-04 
No Frequency Compensation Required 


OFFSET 
NULL 


INVT INPUT 


Short-Circuit Protection 


Offset Voltage Null Capability 


OFFSET 
NULL 


Wide Common-Mode and Differential Voltage Ranges 


INPUT VEE 


Low Power Consumption 
No Latch-Up 


(Top View) 


TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 


Vv -5.0V Vref = 20 Vai 
as R1=R2 ~10kK22 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


MC1508L 8 
A40—4 MC 1408L 
Senes 


(Top View) 


Theoretical Vg 


Vref Al A2 A3 A4 AS AG A7 AB 
Vo = — (RQ) — +— + — +— + — + — +— +— 
R1 2 4 8 16 32 64 128 256 


Veez715V 


Pins not shown are not connected. Adjust Vref, R1 or Rg so that Vg with all digital inputs at high level 


is equal to 9.961 volts. 
Settling time to within 1/2 LSB (+19.5 mV) is approxi- 


mately 4.0 ws from the time that all bits are switched. 


2V 1 1°71 ~«21 1 1 1 1 . 255 
*The value of C may be selected to minimize overshoot Vo “aye k) 3* ree ee a5¢ Tana sel 10 V err Me 9.961 V 
and ringing (C = 150 pF). 


MC1741S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versus MC1741S RESPONSE COMPARISON 
| Pulse Input Pulse Output [mers | 
PN ct sip 


pes : + + + / eng aa ma 
Hf : J 
| eo 
rttt dd pee detedttbetegee cette tees WA 
, f | 
! 
1 ‘ 
' 1 


tettr ttt 


5.0 V/DIV 


| 
eae 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
> 
+ 
~ 


1.0 ps/DIV 10 us/DIV 
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| 
: 
| 
| 


MC1741S, MC1741SC 


CIRCUIT SCHEMATIC 


INVERTING 
INPUT 


O 
OUTPUT 


NONINVERTING 


INPUT ee reall 1 
OFFSET 4 
NULL be 50k 


OFFSET NULL 


MAXIMUM RATINGS (Ta, = 425°C unless otherwise noted.) 


Symbol MC1741SC MC1741S Unit 
Power Supply Voltage Vcc +18 +22 Vde 
VEE -18 -22 
Common-Mode Input Voltage Swing (See Note 1) VICR 
S 
A 


Output Short-Circuit Duration (See Note 2) | Continuous | 


eee ow 
680 
46 
625 
5.0 
edd 


0 to +75 -55 to +125 % 


FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE 
FIGURE 1 — OFFSET ADJUST CIRCUIT 400 


Power Dissipation (Package Limitation) 


Metal Package 

Derate above Ta = +25°C 
Plastic Dual In-Line Package 
Derate above Ta = +25°C 


t 
T 
ha 


Note 1. For supply voltages less than +15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Note 2. Supply voltage equal to or less than 15 Vdc. 


Operating Ambient Temperature Range 


Storage Temperature Range 
Metal Package 
Plastic Package 


-65 to +150 
-55 to +125 


350 


300 


250 


OUTPUT 


INPUTS on 


150 


OFFSET NULL 
TERMINALS 


11g, AVERAGE INPUT BIAS CURRENT (nA) 


-75 -40 -25 0 +25 +50 +75 +100 +125 
T, TEMPERATURE (°C) 


i 
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MC1741S, MC1741SC 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ | Min | Typ | Max | Unit 
Power Bandwidth (See Figure 3) BWp ra rary 
150 200 150 200 


Ay = 1, R, ~ 2.0k2, THD = 5%, Vg = 20 V(p-p) 
Vi/us 
us 


Large-Signal Transient Response 
mA 


Slew Rate (Figures 10 and 11) 


V(~) to V(+) 10 20 
V(+) to V(-) 10 12 
Settling Time (Figures 10 and 11) 3.0 


ed ” 
& Be] 
Fm a 
a 
i —_ — 
Bo MS 
Wun 
ON O 
| 


{to within 0.1%) 


Small-Signal Transient Response 
(Gain 1, Ejp = 20 mV, see Figures 7 and 8) 


Rise Time {TEA 
Fall Time 'THL 
Propagation Delay Time tPLH -tPHL 
Overshoot Os 


+35 


= 
°o 


oO 0° 
NO... 30 3 
NO NN 
sss 


0.25 

0.25 

0.25 
20 


Short-Circutt Output Currents 

Open-Loop Voltage Gain (RL 2.0 k$2) (See Figure 4) 
Vo = +10 V.Ta +25°C 

Vo = +10 V, TA = Tlow” to Thigh* 


20,000 | 100,000 
15,000 


50,000 | 200,000 
25,000 


>|= 
O 
i 


< i 
~ 


Output Impedance (f = 20 Hz) zi oe ee ee eee eee 
Input Impedance (f 20 Hz) PO tO. Pex | 08. | iO MQ 
Output Voltage Swing VO a pk 
Ry = 10 k2, Ta = Tow to Thigh (MC17415 only) +12 +14 
Rp = 2.0k8,TA - +25°C +10 +13 
Re = 2.0k2, Ta = Tlow tO Thigh +10 = 
Input Common-Mode Voltage Range VICR £13 = 


Ec 
xe) 
x 


Ta = Tlow to Thigh (MC1741S) 
Common-Mode Rejection Ratio (f = 20 Hz) CMRR 
TA = Tlow to Thigh (MC1741S) 


7 


jo) 


Input Bias Current (See Figure 2) 
Ta = +25°C and Thigh 
Ta = Now 
Input Offset Current 
Ta = +25°C and Thigh 
Ta = Tow 
Input Offset Voltage (Rg = <10 k&2) 
Ta = +25°C 
Ta = Tow to? Thigh 
DC Power Consumption (See Figure 9) 
(Power Supply = +15 V, Vo = 0) 
Ta = Tow to Thigh 


e) 


I+ 

—, 

o nN 
on 
ro) 
ono) 


200 
500 


i he 
500 200 500 
1500 - _800 


IVio| 


oe) 
o 
WN 
; oO! 
oo 
3 = 
< > > 


ow 
jo) 


BEE | 
(=) 


Ww 
85 


an 
oo 

Oo ro) 
fo ~ oO 
ro ome) 
5 3 


vu 
ae 


Positive Voltage Supply Sensitivity PSS+ uVv/V 
(VEE constant) 2.0 100 2.0 150 
TA = Tlow to Thigh on MC17418 

Negative Voltage Supply Sensitivity PSS- pV/V 
(Vcc constant) = 10 150 10 150 


*T low = 0 for MC1741SC Thigh = +70°C for MC1741SC 
= -55 °C for MC1741S = +125 °C for MC1741S 


NN eee” 
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MC1741S, MC1741SC 


PEAK OUTPUT VOLTAGE FOR < 5% THD (VOLTS) 


en, INPUT NOISE VOLTAGE (nV/./Hz) 


TYPICAL CHARACTERISTICS 
(Vec = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 3 — POWER BANDWIDTH — NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY 


+20 


10 100 1.0 k 10 k 100 k 
f, FREQUENCY (Hz) 


FIGURE 5 — NOISE versus FREQUENCY 


1000 
f, FREQUENCY (Hz) 


FIGURE 7 — SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 


OVERSHOOT 
Vos 


Vo 


" FALL TIME 
tTHL 


QUTPUT 


'TLH ~<— OVERSHOOT Vos 


RISE TIME tT 


—| 
-__\ “fF —] 


FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE 


1.0 10 100 1.0 k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) 


FIGURE 6 — OUTPUT NOISE versus 
SOURCE RESISTANCE 


€on, OUTPUT NOISE VOLTAGE (mV[RMS]) 


100 1.0k 10 k 100 k 
Rs, SOURCE RESISTANCE (OHMS) 


FIGURE 8 — SMALL-SIGNAL TRANSIENT 
RESPONSE TEST CIRCUIT 


OUTPUT 
rN 
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MC1741S, MC1741SC 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 9 — POWER CONSUMPTION versus POWER 


SUPPLY VOLTAGES 
SETTLING TIME 


80 In order to properly utilize the high slew rate and fast 

70 settling time of an operational amplifier, a number of 

_ system considerations must be observed. Capacitance at 
z 60 the summing node and at the amplifier output must be 
5 < minimal and circuit board layout should be consistent 
E with common high-frequency considerations. Both power 
= 40 supply connections should be adequately bypassed as 
a close as possible to the device pins. In bypassing, both 
ce 30 low and high-frequency components should be con- 
= sidered to avoid the possibility of excessive ringing. In 
3 order to achieve optimum damping, the selection of a 
~ 10 capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 

05 5.0 10 15 20 25 ringing while a value too large will degrade slew rate and 

Vcc and IVEEI, SUPPLY VOLTAGE (VOLTS) settling time. 


SETTLING TIME MEASUREMENT 


In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the ‘‘false”’ 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de- 
termine when the waveform at the output of the op- 
erational amplifier settles to within 0.1% of it’s final 


FIGURE 10 — LARGE-SIGNAL TRANSIENT WAVEFORMS 


+10 V 


INPUT goo, 


z SLEW i 
as ‘i RATE value. Because the output and input voltages are ef- 
+) to V(-) a 
(MEASUREMENT ve fectively subtracted from each other at the amplifier 


PERIOD) V(-) to V(+) inverting input, this seems like an ideal node for the 
dae measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 

actual measurement. 

The solution to these problems is the creation of a 
second or ‘‘false’’ summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
ed voltage excursion to the oscilloscope. Because of the 

voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure- 
ments, the capacitance of the diodes and the oscilloscope, 


FIGURE 11 — SETTLING TIME AND SLEW RATE TEST CIRCUIT and the settling time of the oscilloscope must be con- 
sidered. The expression 


tsetig =N x2 + y2472 


can be used to determine the actual amplifier settling 
time, where 


HOV tsetlg = observed settling time 
| aaa = amplifier settling time (to be determined) 


G) ovrrut y = false summing junction settling time 


ALLOWABLE 
ERROR 


OUTPUT BAND 


10% 


SETTLING 
TIME 


z = oscilloscope settling time 


It should be remembered that to settle within +0.1% 
requires 7RC time constants. 

The +0.1% factor was chosen for the MC1741S 
settling time as it is compatible with the +1/2 LSB 
accuracy of the MC1508L8 digital-to-analog converter. 
This D-to-A converter features +0.19% maximum error. 


*Match to within 001". 


INS16 


F 
ae OR EQUIV 


SUMMING 
NODE 


OR EQUIV Pins not shownare not connected. 
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MC1741S, MC1741SC 


FIGURE 12 — WAVEFORM AT FALSE SUMMING NODE TYPICAL APPLICATION 


FIGURE 14 — 12.5-WATT WIDEBAND POWER AMPLIFIER 


+15V 
= CL130 
ran) MCL1304 
[ann 
= or equiv ( ) 300 pF 
= (CURRENT 
= LIMITING 
=~ (DIODE) 


MJE1100 
OR EQUIV 


MPS-A12** 
OR EQUIV, 


033 


1.0 us/DIV 


FIGURE 13 — EXPANDED WAVEFORM AT 


FALSE SUMMING NODE 
INPUT 


MJE1090 
OR EQUIV 


MCL1304 
OR EQUIV 
(CURRENT 


Limiting C ) 


DIODE) 


10 mV/DIV 


Delivers 12.5 Watts into 4.0 ohms with less than 1". THD to 100 kH7 
Pins not shown are not connected 

“Bias current adjust ment to eliminate Crossover Distortion. 
**Epoxy to power transistor heat sink or case for maximum Thermal Feedback. = 


1.0 ps/DIV 


a ee ee ee 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1747G —55°C to +125°C Metal Can 
MC1747L —55°C to + 125°C Ceramic DIP 
MC1747CG 0°C to +75°C Metal Can 
MC1747CL 0°C to +75°C Ceramic DIP 
MC1747CP2 0°C to +75°C Plastic DIP 


(DUAL MC1741) 


DUAL 
OPERATIONAL AMPLIFIER 


DUAL MC1741 
INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


... designed for use as summing amplifiers, integrators, or am- 
plifiers with operating characteristics as a function of the external 
feedback components. The MC1747L and MC1747CL are func- 
tionally and electrically equivalent to the wA747 and »A747C 
respectively. . 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


No Frequency Compensation Required 
Short-Circuit Protection 


Wide Common-Mode and Differential Voltage Ranges G SUFFIX 
: METAL PACKAGE 
Low-Power Consumption CASE 603-04 
TO-100 


No Latch Up | 
Offset Voltage Null Capability 


FIGURE 1 — HIGH-IMPEDANCE, HIGH-GAIN Output A (1) (9) Output B 


INVERTING AMPLIFIER 
Voc vec ® \ (8) Vcc 8 


SW YW Inv. Input 


Non-tnv Input 4) 6) (6) Non-Inv Input 


VEE 


Terminals not shown are not connected. 


P2 SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
NON-INVERTING wn CASE 646-05 a 
+ Inv input [7] Offset 
Seer VecA 
rar Output A 
Vee [4] a] N.C 
ravers 10] Output B 
eae fa}Vec 8 


Offset 


Inv Input Adj B 


Circuit diagrams utilizing Motorola products are included as a means of illustrating typical 
semiconductor applications; consequently, complete information sufficient for construction 
purposes is not necessarily given. The information has been carefully checked and is believed : 
to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, VccA and VccB are not connected internally. 
such information does not convey to the purchaser of the semiconductor devices described 

any license under the patent right of Motorola Inc. or others. 
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MC1747, MC1747C 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


MC1747 MC1747C 


Power Supply Voltages +22 +18 Vdc 
| -22 -18 


Differential Input Signal Voltage 
! Output Short-Circuit Duration tos 
| 


Junction Temperature 
Ceramic and Metal Package 
Plastic Package 


Characteristics 


Input Bias Current 
Ta = +25°C 
Ta = Thigh @ 
Ta = Tow ©) 


Symbol 


E 
< 
uo] 


< 
(oe) 
les fase ja 
=~ aoo S696 
aga 
eee 


Input Offset Current 
Ta = +25°C 200 
TA= Thigh 200 
Ta * Tlow 500 


Input Offset Voltage (Rg < 10 k2) 
Ta = +25°C 

TA = Tiow to Thigh 
Offset Voltage Adjustment Range 


Differential Input Impedance (Open-loop, f = 20 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 


rj 0.3 


= NN 
£0 


Common-Mode Input Voltage Swing 
Tiow S Ta S Thigh 
Common-Mode Rejection Ratio (Rg = 10k) CMRR 


VicR 
Tow S Ta S Thigh aie 
los 


~w 


[+ 
2 
| 
aS) 
~ 
w 


Open-Loop Voltage Gain 
Ta = +25°C 
TA = Tlow tO Thigh 
Transient Response (Unity Gain) 
(Vin = 20 mV, Ry = 2.0k2, Cy, < 100 pF) 
Rise Time 
Overshoot Percentage 


bivo = +10 V, Ry, = 2.0k9) 50,000} 200,000 
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o;70 
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I+ [+ 
—_ ws 
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ww 
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Slew Rate (Unity Gain) 
Output Impedance 


N 
° 
Nh 
I+ |+ a 
_> —_ 
oN S 
oO 
~ 
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Short-Circuit Output Current fe eo ae | 
: aor 
| Output Voltage Swing (Tigw S Tas Thigh) VOR 
Ry = 10k +14 
Ri =2.0k2 + 13 
Power Supply Sensitivity (Tjoy to Thigh) 
Vee = Constant, Rg C10 kQ PSS+ 30 150 
Vcc = Constant, Rg <10 kQ PSS- 30 150 
Power Supply Current (each amplifier) Icc lee 
Ta = +25°C 1.7 2.8 
Ta = Tiow 2.0 3.3 
TaA= Thigh 1.5 2.5 
DC Power Consumption (each amplifier) Pc 
Ta = +25°C 50 85 
Ta = Tiow 60 100 
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25,000 
15,0 
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Voltage (Measurement between Offset Null and Veg) 
Operating Ambient Temperature Range Ta -55 to +125 
Storage Temperature Range -65 to +150 -65 to +150 
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@ For supply voltages of fess than + 15 V, the maximum differential input voltage is equal to + (Voc + |VEE)). 
@ For supply voltages of less than + 15 V, the maximum input voltage is equal to the supply voltage (+Vcc, -|VEg)). 


@ Tow: 0°C for MC1747CL 
-55°C for MC1747L 
Thigh: +75°C for MC1747CL 
+125°C for MC1747L 
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MC1747, MC1747C 


FIGURE 3 — TYPICAL FREQUENCY-SHIFT KEYER TONE 
GENERATOR TEST CIRCUIT 


Vcc @ 15V Vec@i5v 


FREQUENCY 


10k 100 k 12k 
O SHIFT 
y y 0.1 uF O..uF QUTPUT 
Vcc 0.001 pF 0.001 pF Ai A 
+15V VEE T VEE ae a Vcc @ — 
: 610k 
Bel FIGURE 4 — TYPICAL FREQUENCY-SHIFT KEYER TONE GENERATOR 
9.1 
4 
xe AAP AWAWAN 
LOGIC SET 10k i | 
Noa AVA VA VERA ERY, 
1k Q 
= 4 IY ’ [| \ 


Terminals not shown are not connected. 


@ 2N3904 
1N914 Us OR EQUIV . 
OR EQUIV 

43k 


0.5 ms/DIV. 
TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 5 — OPEN-LOOP VOLTAGE GAIN 
versus POWER-SUPPLY VOLTAGE FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE 
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FIGURE 7 — POWER BANDWIDTH FIGURE 8 — POWER CONSUMPTION 
(LARGE SIGNAL SWING versus FREQUENCY) versus POWER SUPPLY VOLTAGE 
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MC1747, MC1747C 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 9 — OUTPUT VOLTAGE SWING 


versus LOAD RESISTANCE FIGURE 10 — OUTPUT NOISE versus SOURCE RESISTANCE 
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THD < 5.0% a 


100 500 10k 2.0 k 50k 10k 100 10k 10k : 100 k 
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Ri, LOAD RESISTANCE (OHMS) Rs, SOURCE RESISTANCE (OHMS) 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1748G —55°C to +125°C Metal Can MC1 748 
MC1748U —55°C to + 125°C Ceramic DIP 
MC1748CG O°C to +70°C Metal Can MC1748C 
MC1748CP1 0°C to +70°C Plastic DIP ; 
MC1748CU 0°C to +70°C Ceramic DIP 


HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
.. . designed for use as a summing amplifier, integrator, or amplifier INTEGRATED CIRCUIT 


with operating characteristics as a function of the external feedback 
components. 


P1 SUFFIX U SUFFIX 
Noncompensated MC 1741 PLASTIC PACKAGE CERAMIC PACKAGE 


Single 30 pF Capacitor Compensation Required For Unity Gain CASE 626-04 CASE 693-02 


x 


be Ns aed , (MC1748C only) 
Short-Circuit Protection 2 


Offset Voltage Null Capability 

Wide Common-Mode and Differential Voltage Ranges 
Low-Power Consumption 

No Latch Up 


FIGURE 1 — CIRCUIT SCHEMATIC 


NON-INVERTING oO G SUFFIX 
\ METAL PACKAGE 
CASE 601-04 
Compensation 


INVERTING 
INPUT 


OFFSET 
NULL 


TYPICAL COMPENSATION CIRCUITS 


FIGURE 2 — OFFSET ADJUST AND 
FREQUENCY COMPENSATION 


FIGURE 3 — SINGLE-POLE COMPENSATION FIGURE 4 — FEEDFORWARD COMPENSATION 
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cl RI Cg 
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Cs = 30 pF 


C2 = ——_-—— 
Int R2 
fg = 3.0 MHz 
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MC1748, MC1748C 
MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


Power Supply Voltage 


Differential Input Signal 


| Common-Mode Input Swing @) 
Output Short Circuit Duration 


Power Dissipation (Package Limitation) 
Derate above Tp = +25°C 


Operating Temperature Range 


Storage Temperature Range 


Typ | Max | Unit 


uwAdc 


Characteristics Symbol 
Input Bias Current 
Ta = +25°C 


Ta = Tiow to Thigh 1.5 


Input Offset Current 
Ta 425°C 
TA = Tlow to Thigh 


uAdc 
0.02 
0.08 


Input Offset Voltage (Rg < 10k £2) mVdc 
Ta = 425°C 
TA Tlow t0 Thigh 


Differential Input Impedance (Open-Loop, f = 20 Hz) 


IViol 
5.0 


© 
w 
N 


Ss 
2 
o) ~ 
IS 
oe) 


Parallel Input Resistance Rp 0.3 Megohm 


Parallel Input Capacitance Cy 


xe} 
on 


N 
jo) 
Oo 


Common-Mode Input Impedance (f 20 Hz) Zin 


Common-Mode Input Voltage Swing VICR 
Common-Mode Rejection Ratio (f = 100 Hz) CMRR 


Megohms 


NO = NN = oO , 
oO; -& Oo NO 
ast Oo 9° Oo ¢ 
oo W N o 


I+ 
—s 
W 
i+ 
— 
WO 


ne} 
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Open-Loop Voltage Gain, (Vg = +10 V,R_ - 2.0k ohms) Avol V/V 
Ta = +25°C 50,000} 200,00d 20,000 | 200,000 
Ta = Tlow to Thigh 25,000 15,000 
Step Response (Vj, = 20 mV, Co = 30pF, Ry = 2k{2, Cy = 100 pF) 
Rise Time ty 0.3 us 
Overshoot Percentage 5.0 % 
Slew Rate AVout/dt 0.8 V/us 
Short-Circuit Output Current loc | = | 25 | | | 25 
Output Voltage Swing (Ry = 10k ohms) Vo +12 +14 +12 +14 Vpk 
Ri = 2k ohms (Ta = Tiow f0 thigh) +10 +13 +10 £12 


Power Supply Sensitivity 


S+ — 30 150 
Vcc = constant, Rs < 10 k ohms S- 150 


Power Supply Current 1.67 2.83 
| 1.67 | 2.83 


DC Quiescent Power Dissipation 
@ For supply voltages jess than +15 V, the Maximum Input Voltage is equa! to the Supply Voltage. 


Vee = constant, Rg < 10 k ohms 
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@ Tiow: O°C for MC1748C 

-55°C for MC1748 

Thigh: +70° for MC1748C 
+125°C for MC1748 


CC SA SE fname EA 
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MC1748, MC1748C 


Vir, INPUT VOLTAGE RANGE (VOLTS) 


Ay, VOLTAGE GAIN (dB) 


+180 


Ay, VOLTAGE GAIN (dB) 


TYPICAL CHARACTERISTICS 
(Vcc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 5 — MINIMUM INPUT VOLTAGE RANGE 


20 
16 APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 

aan a Gee 
8.0 

ioe oe ge 
7 ee aa ae oan 


15 20 
Vcc . (-VeE), iby VOLTAGE (VOLTS) 


FIGURE 7 — MINIMUM VOLTAGE GAIN 


out 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 


: MC1748 : 
only 


0 5.0 10 15 20 
Vcc AND -Veg, SUPPLY VOLTAGES (VOLTS) 


FIGURE 9 — OPEN-LOOP FREQUENCY RESPONSE 


100 k 
f, FREQUENCY (Hz) - 


1.0 10 160 1.0k 10k 


Vor, OUTPUT VOLTAGE RANGE (+VOLTS) 


icc. EE, SUPPLY CURRENTS (mA) 


Vor, OUTPUT VOLTAGE RANGE (+VQLTS) 


FIGURE 6 — MINIMUM OUTPUT VOLTAGE SWING 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 


MC1748 
only 


Vcc AND (-VeE), SUPPLY VOLTAGES (VOLTS) 


FIGURE 8 — TYPICAL SUPPLY CURRENTS 


Vcc AND (-Veg) SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — LARGE-SIGNAL FREQUENCY RESPONSE 


SINGLE-POLE COMPENSATI 


1.0k 10 k 


f, FREQUENCY (Hz) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-141 


MC1748, MC1748C 


FIGURE 11 — VOLTAGE FOLLOWER PULSE RESPONSE 


Vin. VOR, VOLTAGE RANGE (+ VOLTS) 


Vor, OUTPUT VOLTAGE RANGE (-VOLTS) 
+ 


TYPICAL CHARACTERISTICS (continued) 


(Vcc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


Ay, VOLTAGE GAIN (dB) 
+ 
3S 


FIGURE 12 — OPEN-LOOP FREQUENCY RESPONSE 


(ee eeeeeee 
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t, TIME (us) 


FIGURE 13 — LARGE-SIGNAL FREQUENCY RESPONSE 


hic ck lhe al FEEDFORWARD COMPENSATION Rei 


Vor, OUTPUT VOLTAGE RANGE (: VOLTS) 


f, FREQUENCY (Hz) 
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10 k 100 k 


1.0M 


f, FREQUENCY (Hz) 


3.0 4.0 
t, TIME (us) 


10M 


100 M 


FIGURE 14 — INVERTER PULSE RESPONSE 


Specifications and Applications 
Information 


PROGRAMMABLE 
OPERATIONAL AMPLIFIER 


MONOLITHIC MICROPOWER 
PROGRAMMABLE OPERATIONAL AMPLIFIER SILICON MONOLITHIC 


; : og: INTEGRATED CIRCUIT 
This extremely versatile operational amplifier features low power 


consumption and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of 
an external resistor value or current source applied to the Ise¢ input. 
This allows the amplifier’s characteristics to be optimized for input 
current and power consumption despite wide variations in operating 
power supply voltages. 


+1.2 V to +18 V Operation 

Wide Programming Range 

Offset Null Capability 

No Frequency Compensation Required 


G SUFFIX 
METAL PACKAGE 


Ij 


HA CASE 601-04 


Low Input Bias Currents 
Short-Circuit Protection 


RESISTIVE PROGRAMMING (See Figure 1.) 


Rset to GROUND Reet to NEGATIVE SUPPLY 
(Recommended for supply voltage 
less than +6.0 V) 


(Top View) 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 
(MC1776C only) 


U SUFFIX 
CERAMIC PACKAGE R 
CASE 693-02 8 
1 


ACTIVE PROGRAMMING Offset Null [7] 18) ‘set 
inverting Input | 2] Vec 


Non-Inverting Input =i |6] Output 
Vee [4] [5] Offset Null 


(Top View) 


Reet 


Vcc 06-VEE 
Iser A 
set 


Typical Ree, Values 


Vec. Vege] lset = 1-5 UA | Ioep = 15 MA 


360 kQ 160 k22 
620k22 360 k&2 
750K 750 kQQ 
1.0MQ 2.0 MS? 


FET CURRENT SOURCE BIPOLAR CURRENT SOURCE 


ORDERING INFORMATION 


Pins not shown are not connected. 
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MC1776, MC1776C 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Rating 
Power Supply Voltages Vcc. VEE 


Common-Mode Input Voltage 
Vcc and iVeg! < 15 V 
Vcc and |VegEl > 15 V 
Offset Null to Veg Voltage 


Programming Current 


Programming Voltage 
(Voltage from Iset terminal to ground) 


Output Short-Circuit Duration* 


Operating Temperature Range 
~55 to +125 
0 to +70 


MC1776 
MC1776C 


Storage Temperature Range 
Metal and Ceramic Packages -65 to +150 
Plastic Package -55 to +125 


Junction Temperature 
Metal and Ceramic Packages 
Plastic Package 


*May be to ground or either Supply Voltage. Rating applies up to a case temperature of +125°C or ambient temperature of +70°C and 


SCHEMATIC DIAGRAM 


flee op _ 


2 ‘ew 50 
INPUTS 
30 
- 2k 100 
100 OUTPUT 
eS - 
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10O 
50 
OFFSET NULL 
50 
Ok 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +3.0 V, Veg = -3.0 V, Iget = 1.5 uA, Ta = +25°C unless otherwise noted.) 


MC1776 MC1776C 
Characteristic Symbol 
Input Offset Voltage (Rg < 10 kQ2) Vio po 
2.0 


4 
< 
CG 


Om 
oe ®) 
Ein NO ? 


Ta = +25°C 0 


Tiow™ < TA S Thigh” 


Offset Voltage Adjustment Range 


re 
i a i 


Input Offset Current 
Ta =+25°C | 0.7 
TA = Thigh = 
TA = Tow = 
Input Bias Current lip n 
Ta = +25°C 2.0 7.5 2.0 
TA = Thigh _ — 7.5 — 
TA = Tow _ _ 20 _ 
=e = 
Input Capacitance ae 2.0 ae ee ee eee 
Input Voltage Range V 
Large Signal Voltage Gain V/V 
Ru = 75k2,VoO = !1.0V, Ta = +25°C 50k 200 k 25 k 200 k 
aise ee Oe? V. Mow $ TA S Thigh Fao 
Output Voltage Swing VO V 
Output Resistance [ie fo 8 
[Oupurshorecieun Curent tos ff 80 YY 80 fi 
Common-Mode Rejection Ratio CMRR 
Supply Voltage Rejection Ratio PSRR uVv/V 
Supply Current lec. lEE uA 
Ta = +25°C 13 20 13 20 
Tow S TA < Thigh hats = as eis = a 
| Power Dissipation MW 
Ta = +25°C 78 120 78 120 
Tlow < TA < Thigh aa - rie a er | 
Transient Response (Unity Gain) 
Vin = 20 mV, RL 2= 50 k2, Cy = 100 pF 
Rise Time tTLH 3.0 3.0 us 
*Tlow = ~55°C for MC1776 Thigh = +125°C for MC1776 
O°C for MC1776C +70°C for MC1776C 


VOLTAGE OFFSET TRANSIENT -RESPONSE 
NULL CIRCUIT TEST CIRCUIT 


VEE 


Pins not shown are not connected. 
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MC1776, MC1776C 


| ELECTRICAL CHARACTERISTICS (Vcc = +3.0 V, Veg = -3.0 V, Iget = 15 HA, Ta = +25°C unless otherwise noted.) 


MC1776 MC1776C 
T 


Input Resistance 


Input Capacitance Ci 


Input Voltage Range 
Tiow < TA < Thigh 


= 


= 
o) 


Input Offset Voitage (Rg < 10 kQ) . Vio 
Ta = +25°C 2.0 5.0 2.0 6.0 
Tlow”™ < TA < Thigh” al - 6.0 = 75 
Offset Voitage Adjustment Range LE View =e ef | i 
| Input Offset Current 
| Ta = +25°C 2.0 15 25 
Ts Tee Me : so a 10 
Ta = Tlow = 40 40 
Input Bias Current 
Ta = +25°C 50 15 aie 
TA = Thigh 50 = 50 
TA = Tlow 120 = 100 
tee 
a 


RO 
jo) 


= 
S) 
ro) 


ace re 


Large Signal Voltage Gain 
RL 25.0k2,VQ =11.0 V, Ta = +25°C 
RL =5.0k2,Vo9 = :1.0 V, Tlow < TA < Thigh 
Output Voltage Swing 
Ri 25.0k82, Tlow < Ta < Thigh 
Output Resistance 


Output Short-Circuit Current 


_ 
Ol - 


fe) 


> 
< < 
@) O 
= 
i<e] 
. 


N oO 
~~) 

zx 

N 

| 18 

nd x 
—_— ——_ > 
OD 
Oo Oo 

Ky NO 

on Oo 

x *K 

N 

= oO 

nes) 1 6 

Q x 
—_ _2 
On 
oo 


ak aa 
Common-Mode Rejection Ratio CMRR Loe re 
Rg < 10 K2, Tlow < TA S Thigh 70 
Supply Voltage Rejection Ratio PSRR 
Rg < 10k, Tiow < Ta < Thigh 25 150 ars 200 


Supply Current Icc. lEE ji 
Ta = +25°C 
Tlow < TA S Thigh 
Power Dissipation 
Ta = +25°C 
Tiow S$ Ta § Thigh 
Transient Response (Unity Gain) 
Vin = 20 mV, RL > 5.0 k2,C. = 100 pF 


Rise Time tTLH 

Overshoot Os . : 
*Tiow = -55°C for MC1776 Thigh = + 125°C for MC1776 

0°C for MC1776C +70°C for MC1776C 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Iset = 1.5 HA, Ta = +25°C unless otherwise noted.) 


Characteristic 
Input Offset Voltage (Rg < 10 ki?) 
6.0 
— 
nA 


+ 
< 
SB 


Symbol 


Ta = +25°C 
Tlow™ < TA § Thigh” 
Offset Voltage Adjustment Range 


=| 

p Oo 
re 
jo) 


Input Voltage Range 


< 
Oo 


— = < 
= 
4 
| 


~ 
N 
ao 
— 
on 
ro) 
| N wy, oy, | 
ON o|o is 


oO wW 
x 3 3 


‘ay tad 

ws 

ae > Iw 
ome) 


Tlow < TA S Thigh 

Large Signal Voltage Gain 

RL = 75k2,VoQ =+10V, Ta = +259C 
RL = 75k2,VQ =+10V, Tow < 
Output Voltage Swing 
Rp = 75 kQ, Ta = +25°C 

RL 2 75 kQ, Tlow < TA < Thigh 


Output Resistance 

Common-Mode Rejection Ratio CMRR 
Rg < 10 kQ, Tiow < TA < Thigh 
Supply Voltage Rejection Ratio 

Rs < 10 k&2, Tlow < TA < Thigh 
Supply Current 
PAS +25°C 
Tiow S TAS < Thigh 
Power Dissipation 
Ta = +25°C 
Tiow STA S < Thigh 
Transient Response (Unity Gain) 

Vin = 20 mV, Ry, 2 5.0 k2, Cy = 100 pF 


= 
< 


AVOL 


Input Offset Current 
Ta = +25°C 6.0 
Ta = Thigh 6.0 
TA = Tlow “ 
Input Bias Current n 
Ta = +25°C 2.0 7.5 10 
TA = Tow _ 20 20 


TA < Thigh 


200 k 400 k 
100 k 


+ 


50 k 400 k 
50 k 


< 


re) 


jo) 


uV/V 
2 


r 
> 


30 


NO 
oO 


105 


E 2 
oP 
| 
Oa 
on 
rep) 


Rise Time 
Overshoot % 
Slew Rate (Ry > 5.0 kQ) 0.1 ee 
*Tiow = ~55°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C +70°C for MC1776C 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Iset = 15 HA, Ta = +25°C unless otherwise noted.) 


Characteristic 


Input Offset Voltage (Rg < 10k) 
Ta = +25°C 
Tiow” < Ta S Thigh” 
Input Offset Current 
Ta =+25°C 
Ta = Thigh 
TA = Tlow 


eed 
Input Bias Current . | 
TaA= +25°C 
Ta = Thigh 
TA = Tlow 
ne ad 
| et 


3 
< 


< 


=) 


oa 
oO 


= 
+e) 


=) 


Input Resistance 
Input Capacitance 


Input Voltage Range 
Tiow § TA < Thigh 


Output Voltage Swing 

Re 2=5.0k2, Ta = +25°C 

R_ = 75 k2Q, Tipw < Ta < Thigh 
Output Resistance 


+10 
Large Signal Voltage Gain 
RL 25.0k2, Vo =+10 V, Ta = +25°C 50 k 400 k 
Ry > 75 k2, Vo = +10 V, Tow < TA § Thigh 50 k — 
+10 


3] 5 


Output Short-Circuit Current 
Common-Mode Rejection Ratio 
| Rs < 10 k2, Tiow < Ta < Thigh 
| Supply Voltage Rejection Ratio 
Rg < 10 k2, Tlow € TA < Thigh 
Supply Current 
Ta = +25°C 
Tlow < TAS Thigh 


‘= 


N 
Oo 
ros) 

3 


Power Dissipation 
TaA= +25°C 
Ttow < Ta < Thigh 
Transient Response (Unity Gain) 
Vin = 20 mV, Ry = 5.0 k2, Cy = 100 pF 


bal 
NI 


Rise Time 
Overshoot 
Slew Rate (Ry > 5.0 kQ) 
*Tlow = ~55°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C +70°C for MC1776C 
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CURRENT versus SET CURRENT 


TYPICAL CHARACTERISTICS 
(T, = +25°C unless otherwise noted.) 
FIGURE 2 — POSITIVE STANDBY SUPPLY 


=-15V 


VEE 


FIGURE 1 — SET CURRENT versus SET RESISTOR 


MC1776, MC1776C 
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FIGURE 4 — INPUT BIAS CURRENT versus SET CURRENT 
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Iset, SET CURRENT (yA) 


versus SET CURRENT 
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FIGURE 6 — GAIN-BANDWIDTH PRODUCT (GBW) 
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FIGURE 5 — INPUT BIAS CURRENT 
versus AMBIENT TEMPERAT 
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MC1776, MC1776C 


TYPICAL CHARACTERISTICS (continued) 


(Tp = +25°C unless otherwise noted.) 


FIGURE 7 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 9 —~ OUTPUT SWING 
versus SUPPLY VOLTAGE 
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FIGURE 8 — SUPPLY CURRENT 
versus AMBIENT TEMPERATURE 
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FIGURE 10 — SLEW RATE 
versus SET CURRENT 
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FIGURE 12 — OPTIMUM SOURCE RESISTANCE 
FOR MINIMUM NOISE versus SET CURRENT 
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APPLICATIONS INFORMATION 


FIGURE 15 — MULTIPLE FEEDBACK BANDPASS FILTER 
FIGURE 13 — WIEN BRIDGE OSCILLATOR (1.0 kHz) 


Rj 
INPUT 
R2 OUTPUT 
= 2M 
for a 1.0 kHz filter Ry = 160k 
with Q = 10 Ra = 820 -15V 
and A (fg) = 1 Rs = 300k 
C = 0.01 pF 
FIGURE 16 — GATED AMPLIFIER 
fo= seelea 
2x RC 
(for fg = 1.0 kHz) 
R= 16 kQ2 
C= 0.01 pF OUTPUT 
INPUT 
FIGURE 14 — MULTIPLE FEEDBACK BANDPASS FILTER Vee 
15V 
GATE 
Ry 
Vin 
FIGURE 17 — HIGH INPUT IMPEDANCE AMPLIFIER 
for a given: 
fo = canter frequency 50 M 10k 
A (fo) = Gain at center frequency 
Q = quality factor 
Choose a value for C, then 
eee a 
an INPUT QUTPUT 
Ri = Aid 
2A (fo) 
R2 = RLRS 
402 R1-R5 
To obtain less than 10% error from the operational amplifier: 
Soto: <0.1 = 
GBW = 


where fg and GBW are expressed in Hz. GBW is available from 
Figure 6 as a function of Set Current, Isox. 
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MC3301 LM2900 


MC3401 LM3900 (AA) MOTOROLA 


Specifications and Applications 
Information 


QUAD 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


- 


PLASTIC PACKAGE 
CASE 646-05 


| QUAD SINGLE-SUPPLY OPERATIONAL AMPLIFIER 


These internally compensated Norton operational amplifiers 
are designed specifically for single positive power supply appli- 
cations found in industrial control systems and automotive elec- 
tronics. Each device contains four independent amplifiers — mak- 
ing it ideal for applications such as active filters, multi-channel 
amplifiers, tachometers, oscillators and other similar usages. 


@ Single-Supply Operation 

@ Internally Compensated 

@ Wide Unity Gain Bandwidth: 4.0 MHz Typical 
e Low Input Bias Current: 50 nA Typical 

@ High Open-Loop Gain: 1000 V/V Minimum 

e Large Output Voltage Swing: (Vcc — 1) Vp-p 


PIN CONNECTIONS 


MAXIMUM RATINGS 
[none a 
Rating LM3900 
input Currents (in* orln=) | tin [80 | 50_| 50_| ma_ 
Foutputcurrent ‘(| to | 60 | 60 | 50 | mA 
Power Dissipation (Ta = +25°C) ee ee ee 
Derate above Ta = +25°C W/ROJA 5.0 | mw/’c 
TA _— Cc 


Operating Ambient -40to ;Oto +70} ° 
Temperature Range 
LM2900 


LM3900 0 to +70 aan os (Top View) 


Storage Temperature Range Tstg —65to | —65to | —65to °C 
+150 + 150 + 150 


ORDERING INFORMATION 


Temperature Range 
LM3900N 0°C to + 70°C Plastic 
MC3401P DIP 
LM2900N —40°C to +85°C 
MC3301P 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 V, ae = ieee unless otherwise noted) 


|_tmsoo | tmasoo | mcszo1 | Mc34o1 
Characteristic Symbol Ne Sc ee es on 


Open-Loop Voltage Gain 
f = 100 Hz, Ry = 5.0 k 
TA = Tlow to Thigh (Notes 1, 2) 


Input Resistance (Inverting Input) 
Output Resistance 


Input Bias Current (Inverting Input) 
TA = Tlow to Thigh (Note 1) 


0.5 0.5 
ad ries 


VOH 413.5)14.2)} — 13.5] 14.2 13.5] 14.2 13.5|14.2 
VOL — 10.03] 0.2 | — |0.03 — |0.03 02 0.03 
— |29.5| — | — {29.5 — |25.5| — 
mA 
10 10 10 10 
0.87 0.87 0.87 0.87 
5.0 ; ; .5.0 


Slew Rate (C_ = 100 pF, Ry = 2.0 k) 
Positive Output Swing 
Negative Output Swing 


am 
Ale 


oo 
oe =) 


Unity Gain Bandwidth 


Output Voltage Swing (Note 7) 
Vcc = +15V, RL = 2.0k 
Vout High (lin~ = 0, lin* = 0) 

Vout Low (lin ~ = 10 pA, lint = 0) 
Vcc = Maximum Rating, RL = ~ 
Vout High (lin~ = 0, lint = 0) 


Output Current 
Source 
Sink (Note 3) 
Low Level Output Current 
lin~ = 5.0 wA, VoL = 1.0 V 


Supply Current (All Four Amplifiers) 
Noninverting Inputs Open 
Noninverting Inputs Grounded 


Isource 
Isink 


Mirror Gain (Ta = Tiow to Thigh; Notes 1, 4) 
lin’ = = 20 pA 


> 
oo 
© to 
oo 
> 
mi 
= = 
- 3S 
Lo La 
oo 
= = 
>= 
=" 
oo 


A Mirror Gain (Ta = Tlow to Thigh: Notes 1, 4) 
20 pA < lint < 200 pA 


| Mirror Current (TA = Tlow to Thigh: Note 1) 


| Negative Input Current (Note 6) aa 


NOTES: 
1. Tlow = —40°C for LM2900, MC3301 Thigh = +85°C for LM2900, MC3301 
= 0°C for LM3900, MC3401 +70°C ffor LM3900, MC3401 

2. Open-loop voltage gain is defined as voltage gain from the inverting input to the output. 

3. Sink current is specified for linear operation. When the device is used as a comparator (non-linear operation) where the inverting input is overdriven, 
the sink current (low level output current) capability is typically 5.0 mA. 

4. This specification indicates the current gain of the current mirror which is used as the noninverting input. 

5. Input VBE match between the noninverting and inverting inputs occurs for a mirror current (noninverting input current) of approximately 10 yA. 

6. Clamp transistors are included to prevent the input voltages from swinging below ground more than approximately —0.3 volts. The negative input 
currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values of approximately 1.0 mA. 
Negative input currents in excess of 4.0 mA will cause the output to drop to a low voltage. These values apply for any one of the input terminals. 
if more than one of the input terminals are simultaneously driven negative, maximum currents are reduced. Common-mode biasing can be used 
to prevent negative input voltages. 

7. When used as a noninverting amplifier, the minimum output voltage is the VBE of the inverting input transistor. 


ee 
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TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Ry = 5.0 kO, Ta = +25°C 
{each amplifier] unless otherwise noted.) 


FIGURE 2 — OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


FIGURE 1 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 
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FIGURE 3 — OUTPUT RESISTANCE versus FREQUENCY FIGURE 4 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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OPERATION AND APPLICATIONS 


BASIC AMPLIFIER 

The basic amplifier is the common emitter stage 
shown in Figures 7 and 8. The active load I; is buffered 
from the input transistor by a PNP transistor, O4, and 
from the output by an NPN transistor, Q2. Q2 is biased 
Class A by the current source lg. The magnitude of lo 
(specified Ising) is a limiting factor in capacitively cou- 


pled linear operation at the output. The sink current of 
the device can be forced to exceed the specified level 
by keeping the output dc voltage above ~ 1.0 volt re- 
sulting in an increase in the distortion appearing at the 
output. Closed-loop stability is maintained by an on-the- 
chip 3-pF capacitor shown in Figure 10 on the following 
page. No external compensation is required. 


FIGURE 7 — BLOCK DIAGRAM 


Biasing Circuitry — Operational 


Operational : 
Amplifier #1 4 56 Amplifier #2 45.3 Amplifier #3 .9.,, Amplifier #4 — 


Operational 


Jo, 


Gnd = Multiple emitter (8) transistor — one emitter connected to each input. 


A noninverting input is obtained by adding a current 
mirror as shown in Figure 9. Essentially all current which 
enters the noninverting input, lj, +, flows through the 
diode CR1. The voltage drop across CR1 corresponds 
to this input current magnitude and this same voltage 
is applied to a matched device, Q3. Thus Q3 is biased 
to conduct an emitter current equal to lj, +. Since the 
alpha current gain of Q3 = 1, its collector current is 


FIGURE 8 — A BASIC GAIN STAGE 


Vcc 


Inputs 


approximately equal to Ij, + also. In operation this cur- 
rent flows through an external feedback resistor which 
generates the output voltage signal. For inverting ap- 
plications, the noninverting input is often used to set 
the dc quiescent level at the output. Techniques for 
doing this are discussed in the “Normal Design Pro- 
cedure” section. 


FIGURE 9 — OBTAINING A NONINVERTING INPUT 


Vcc 


(4 Output 
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OPERATION AND APPLICATIONS (continued) 


BIASING CIRCUITRY 

The circuitry common to all four amplifiers is shown 
in Figure 11. The purpose of this circuitry is to provide 
biasing voltage for the PNP and NPN current sources 
used in the amplifiers. 

The voltage drops across diodes CR2, CR3 and CR4 
are used as references. The voltage across resistor R1 
is the sum of the drops across CR4 and CR3 minus the 
VpeE of O8. The PNP current sources (Q5, etc.) are set 
to the magnitude Vpe/R1 by transistor Q6. Transistor 


FIGURE 10 — A BASIC OPERATIONAL AMPLIFIER 


oO Vcc 


Q7 reduces base current loading. The voltage across 
resistor R2 is the sum of the voltage drops across CR2, 
CR3 and CR4, minus the Vpg drops of transistor Q9 and 
diode CR5 thus the current set is established by CR5 in 
all the NPN current sources (Q10, etc.). This technique 
results in current source magnitudes which are rela- 
tively independent of the supply voltage. 011 (Figure 
7) provides circuit protection from signals that are neg- 
ative with respect to ground. 


FIGURE 11 — BIASING CIRCUITRY 


10 k 


NORMAL DESIGN PROCEDURE 


1. Output Q-Point Biasing 


A. A number of techniques may be devised to bias 
the quiescent output voltage to an acceptable 
level. However, in terms of loop gain considera- 
tions it is usually desirable to use the noninvert- 
ing input to effect the biasing; as shown in Fig- 
ures 12 and 13 (see the first page of this 
specification). The high impedance of the collec- 
tor of the noninverting ‘current mirror” transistor 
helps to achieve the maximum loop gain for any 
particular configuration. It is desirable that the 
noninverting input current be in the 10 uA to 200 
BLA range. 


B. Vcc Reference Voltage (see Figures 12 and 13) 


The noninverting input is normally returned to 
the Vcc voltage (which should be well filtered) 
through a resistor, R,, allowing the input current, 
lint, to be within the range of 10 uA to 200 pA. 


Choosing the feedback resistor, Rr, to be equal to 
Y2 Ry will now bias the amplifier output dc level 


to approximately “Ge. This allows the maximum 


dynamic range of the output voltage. 


C. Reference Voltage other than Vcc (see Figure 14) 


The biasing resistor R; may be returned to a volt- 
age (V,) other than Vcc. By setting R¢ = Rr, (still 
keeping |i, + between 10 wA and 200 pA) the 
output dc level will be equal to V;. The expression 
for determining VoOdc¢ is: 


Ai(V MR R 
aie Ha fd (; _ Bt ay) Z 


where ¢ is the Vee drop of the input transistors 
(approximately 0.6 Vdc @ +25°C and assumed 
equal). Aj is the current mirror gain. 
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FIGURE 12 — INVERTING AMPLIFIER 


Rf 
510 k Ages 


2. Gain Determination 
A. Inverting Amplifier 


The amplifier is normally used in the inverting 
mode. The input may be capacitively coupled to 
avoid upsetting the dc bias and the output is nor- 
mally capacitively coupled to eliminate the dc 
voltage across the load. Note that when the out- 
put is capacitively coupled to the load, the value 
of Igjnk becomes a limitation with respect to the 
load driving capabilities of the device. The limi- 
tation is less severe if the device is direct coupled. 
In this configuration, the ac gain is determined 
by the ratio of R¢ to Rj, in the same manner as for 
a conventional operational amplifier: 


Re 
Ay = — 
V Rj 


FIGURE 14 — INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 


R¢ 


Vr *Select for low 
frequency response. 


FIGURE 13 — NONINVERTING AMPLIFIER 


Rf 
510 k 7 eG — 

ae 26 are 
Ri + 7+ (mA) 

BW = 250 kHz | 

0.1 uF Vo 
+5.0 uF 

10 k 


The lower corner frequency is determined by the 
coupling capacitors to the input and load resis- 
tors. The upper corner frequency will usually be 
determined by the amplifier internal compensa- 
tion. The amplifier unity gain bandwidth is typi- 
cally 4.0 MHz and with the gain roll-off at 20 dB 
per decade, bandwidth will typically be 400 kHz 
with 20 dB of closed-loop gain or 40 kHz with 40 
dB of closed-loop gain. The exception to this oc- 
curs at low gains where the input resistor selected 
is large. The pole formed by the amplifier input 
capacitance, stray capacitance and the input re- 
sistor may occur before the closed-loop gain in- 
tercepts the open-loop response curve. The in- 
verting input capacity is typically 3.0 pF. 


FIGURE 15 — INVERTING AMPLIFIER WITH 


510 k 


Vo 


10 k 


fL = 300 Hz, fy = 50 kHz 
Ay = 100 
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B. Noninverting Amplifier 


These devices may be used in the noninverting 
mode (see Figure 13). The amplifier gain in this 
configuration is subject to the current mirror gain. 
In addition, the resistance of the input diode must 
be included in the value of the input resistor. This 


: : ; 26 
resistance is approximately Ee ohms, where 
~ Hin 


lin? is input current in milliamperes. The non- 
inverting ac gain expression is given by: 


(R¢)(Aj) 

mo  2Or 

lint (mA) 
The bandwidth of the noninverting configuration: 
for a given R¢ value is essentially independent of 
the gain chosen. For R¢ = 510 kQ the bandwidth 
will be in excess of 200 kHz for noninverting gains 
of 1, 10, or 100. This is a result of the loop gain 
remaining constant for these gains since the input 
resistor is effectively isolated from the feedback 
loop. 


Ay = 
, Rj + 


TYPICAL APPLICATIONS 


FIGURE 16 — TACHOMETER CIRCUIT 


Vcc = +12V 
Magnetic Pickup 
Hysterisis Amplifier 130 
100 k 
MSD6100 Ro 
or equiv 6.1 V 


MSD6100 
or equiv 


Hysterisis Voltage for Switching 
AjR2 
VH = “Ry (Vcc ~ 1.6) 


FIGURE 17 — VOLTAGE REGULATOR 


R2 
Vo = Vz1 + 0.6 (1 + RI — VBEq1 


NOTE: 
For positive Tc zeners R2 and R1 can be 
selected to give Tc output. 


Monostable Multivibrator 


Magnetic - reste 
Pickup O Power o 47k 
; Supply ‘ 2 Ampl #4 
L O 1 : 
lated 


0.01 pF 


Timing Interval: t ~ 0.7 R1 C1 


Pulse Averaging 


C1 
0.1 uF 


Clie 
O o Output 


10 k 


y, _ (Vo — 0.6) - Aj -t 
PiPo? RyC1 


FIGURE 18 — LOGIC “OR” GATE 


150 k 


+Vcc = +15 Vde 


f=A+B4+C 
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TYPICAL APPLICATIONS (continued) 


FIGURE 19 — LOGIC “NAND” GATE (Large Fan-in) FIGURE 20 — LOGIC “NOR” GATE 


+Vcc = +15 Vde 


75 k 


75 k 


1b0k = f= 4+B+CE+0 


moo wo > 


+Vcc = +15 Vde 


FIGURE 21 — R-S FLIP-FLOP FIGURE 22 — ASTABLE MULTIVIBRATOR 


Vcc = +15V 


Reset Set 
FIGURE 23 — POSITIVE-EDGE DIFFERENTIATOR FIGURE 24 — NEGATIVE-EDGE DIFFERENTIATOR 

Output Rise Time ~ 0.22 ms 
Input Change Time Constant ~ 1.0 ms 0.001 pF 

0.001 uF 

100 k 

AVin 
+ 0.002 pF 


mer ° 


Vcc = +15 Vde 
VO(dc) ~ 7.0 Vde 
Output Rise Time ~ 0.22 ms 
Input Change Time Constant ~ 1.0 ms 


te ti it he UT SS SiS SS TSS 
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FIGURE 25 — AMPLIFIER AND DRIVER FOR A 50-OHM LINE 
510 k 


2N4401 or equiv 


Vine— 
0.1 uF 
20 uF 
Vo 
C ) 2naao3. 30 
Ay = 10 or equiv 


Vo = 6.0 Vip-p) 


+15V 


Tpp = Center Frequency Gain 
TN = Passband Notch Gain 


1 
w= Fe Vcc 
R1 = OR 
Ape 

TBP Notch 
R3 = Tn R2 Le 


FIGURE 27 — BANDPASS AND NOTCH FILTER 
62 k 


0.005 uF 


300 k 


300k @Vcc 300 k Vcc Vcc (Pin 14) = +12 Volts 


Ground — Pin 7 
Center Frequency 500 Hz 
0 a Q=5 
0.1 uF Bandpass Gain = 1 
Amp! #4 O Notch 
mi Wee 300 k 12 ‘ Bandpass Output Pin 4 


Notch Output ———> Pin 10 
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TYPICAL APPLICATIONS (continued) 


FIGURE 28 — VOLTAGE REGULATOR 


Vz 1N3824 
4.3V or equiv 


Vo = Vz + 0.6 Vdc 

NOTE 1: R is used to bias the zener. 

NOTE 2: If the Zener TC is positive, and equal in 
magnitude to the negative TC of the input 
to the operational amplifier (~2.0 mV/°C), 
the output is zero-TC. A 7.0 Volt Zener 
will give approximately zero-TC. 


MJE800 


. 5.0V at40A 
or equiv 


FIGURE 29 — ZERO CROSSING DETECTOR 
Vcc = +15V 


Input SS OV 
Output 
Output | | | | | | OV 


Magnetic 
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Specifications and Applications 
| Information 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 


The MC3503 is a low-cost, quad operational amplifier with true 
differential inputs. The device has electrical characteristics similar 
to the popular MC1741. However, the MC3503 has several distinct 
advantages over standard operational amplifier types in single 
supply applications. The quad amplifier can operate at supply 
voltages as low as 3.0 Volts or as high as 36 Volts with quiescent 
currents about one third of those associated with the MC1741 (on 
a per amplifier basis). The common mode input range includes 
the negative supply, thereby eliminating the necessity for external 
biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 


e Short Circuit Protected Outputs 
@ Class AB Output Stage for Minimal Crossover Distortion 
e True Differential Input Stage 

Single Supply Operation: 3.0 to 36 Volts 

Split Supply Operation: +1.5 to + 18 Volts 

Low Input Bias Currents: 500 nA Max 

Four Amplifiers Per Package 

Internally Compensated 

SImilar Performance to Popular MC1741 

Industry Standard Pinouts 


QUAD DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 
(MC3403 and MC3303 only) 


SPLIT SUPPLIES 
~ 1.5 V to 18 V 
h PIN CONNECTIONS 
— 1.5 V to 18 V 


SINGLE SUPPLY 
3.0 V to 36 V \ 


Vec 


MAXIMUM RATINGS 


Unit 
Vdc 


Power Supply Voltages 


Single Supply ~“Vec 36 
Split Supplies Vcc +18 
VEE -18 


Input Differential Voltage Range (1) VIDR Vdc 

Input Common Mode Voltage Range (1) (2) ViICR Vdc 
°¢ 
°C 


ee aS) 
Storage Temperature Range T stg 
Ceramic Package -65 to +150 
Plastic Package -55 to +125 
Ta 
~55 to +125 
0 to +70 
-40 to +85 
Ty eC 
175 
150 


(1) Split Power Supplies. 


(2) For Supply Voltages less than +15 V, the absolute maximum input voltage is equal to the 
supply voltage. 


Operating Ambient Temperature Range 
MC3503 
MC3403 
MC3303 


Junction Temperature 
Ceramic Package 
Plastic Package 


(Top View) 


ORDERING INFORMATION 


Temperature Range 


MC3303L -40°C to +85°C Ceramic DIP 
MC3303P -40°C to +85°C Plastic DIP 


MC3403L 0°C to +70°C Ceramic DIP 
MC3403P 0°C to +70°C Plastic DIP 
MC3503L -~55°C to +125°C Ceramic DIP 
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MC3403, MC3503, MC3303 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V for MC3503, MC3403; Vcc = +14 V, Vege = Gnd for MCC3303. 
Ta = 25°C unless otherwise noted.) 


o 
= 


Small-Signal Bandwidth 
Ay = 1, RL = 10k2, Vg = 50mvV 


a 
ae Fe eee ee ee oe ee 
Ta = Thigh tO Tlow (1) - 12 - 10 
Ta= Thigh to Tlow - 200 200 — 250 
Large Signal Open-Loop Voltage Gain he S| Lei 4 
Vo = #10 V, RL = 2.0k2, 50 200 20 200 20 200 
Ta = Thigh tO Tow 25 - 15 as 15 _ 
TA= Thigh to Tiow -1500 - -800 _ -1000 
aca ee 
f = 20 Hz 
— Aa a cat Ml AE A MH Md 
f = 20 Hz 
Output Voltage Range Vor e a ris 
Ri = 10k2 +12 +12 +12 +12.5 
RL = 2.0kQ2 +10 +10 +10 +12 
Ry = 2.0 k2, Ta = Thigh tO Tlow +10 +10 +10 - 
Rg < 10 k2 
i Ry s@ 
Ince dual Output Short-Circuit Current (2) +10 +30 +10 +20 
TNeuetve Power Supply Rejection aio _[PspR-| - | so] iso | — | s0__| 190 | - | - | - | wa | 
Offset Current 
Ta = Thigh tO Tlow 
Average Temperature Coefficient of Input 4V1Q/4T 10 10 10 uVv/°C 
Offset Voltage 
coal or i al ty ty yy 
Power Bandwidth BWp 9.0 kHe 
THD = 5% 
eo 


: = 
°o 


Ay =1,V,=-10V to +10 V 

Rise Time tTLH 0.35 0.35 
Ay =1,RL=10k2, Vg = 50mVv 

Fall Time tTHL 0.35 
Ay =1,RL =10k2, Vg = 590 mV 

Overshoot Oo 0 


Ay =1, RL =10k2, Vg =50mvV 
Phase Margin 

Ay =1, RL = 2.0 k2, CL = 200 pF 
Crossover Distortion 

(Vin =30MVp-p, Voyt = 2.0 Vp-p, 


Ss 
3 


= 


: nf 8 
° ° a 


to) [o) 
4 bw w 
a a 
N 
xe 


f = 10 kHz) 


(1) Thigh = 125°C for MC3503, 70°C for MC3403, 85°C for MC3303 
Tiow = -55°C for MC3503, 0°C for MC3403, -40°C for MC3303 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


4 
< 
me) 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Large-Signal Open-Loop Voltage Gain 
Re = 2.0 ka 


Power Supply Rejection Ratio 


N 
oO 
oO 


Output Voltage Range (3) 
Rc = 10k, Veco = 5.0 V . ; ; 3.5 
R_ = 10k2,5.0V <Voc<30V ; : Vec-1.7 


7.0 


-120 


(2) Not to exceed maximum package power dissipation. 
(3) Output will swing to ground 
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MC3403, MC3503, MC3303 


CIRCUIT SCHEMATIC 


(1/4 Shown) 


Q2 as q 
60k 
oe m 


5 V/div. 


CIRCUIT DESCRIPTION 

The MC3503/3403/3303 is made using four internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 


20 uws/div. 


Bias Circuitry 
Common to Four 
Amplifiers 


Vec 


O VEE (Gnd) 


the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper- 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient: thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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MC3403, MC3503, MC3303 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — SINE WAVE RESPONSE 


FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


Vcc=15V 
; vf ne : on 
= n 4s Ta = 25°C 
> s= 
<x 
é o 
e | 2 us 
wo 
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ae 
4 Vi Je 
Ay \ J o 
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oO 
is) 
~ 
> 
£ ; 
S *Note Class AB output stage f, FREQUENCY (Hz) 


produces distortionless sinewave. 


50 uws/div. 


FIGURE 3 — POWER BANDWIDTH 


Vg, OUTPUT VOLTAGE (VOLTS p-p) 


f, FREQUENCY (Hz) 


FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE 


1p, INPUT BIAS CURRENT (nA) 
J 


T, TEMPERATURE (°C) 


FIGURE 4— OUTPUT SWING versus SUPPLY VOLTAGE 
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cx 
NCoCE 
CNET 

AACE 

CCE 

Coo 
Coo 


Vor, OUTPUT VOLTAGE RANGE (VOLTS p-p) 


0 2.0 4. 6.0 8.0 10 12 14 16 18 20; 


Vcc AND Veg, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
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Vcc AND IVeEl, POWER SUPPLY VOLTAGES (VOLTS) 
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MC3403, MC3503, MC3303 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR 


10k 
R1 


FIGURE 10 — COMPARATOR WITH HYSTERESIS 


Hysteresis 
VOH a 
R1 | 
Vref O Vo 
O 
Vin e MG 
VOL 


Vin! VinH 
Vref 
R1 


Vinu = Ry + R2 


(VoL — Vref) + Vref 


R1 
VinH * R1+R2 (VOH — Vref) + Vref 


@g = C (1+ a+b) (e2 - e1) 


= al (V V ) 
Rie R2 (YOH ~ You 


FIGURE 11 — BI-QUAD FILTER 


1 
Vref = 3 Vcc 


f, = 1kHz 
Vref o 
Q=10 
Bandpass Vref 
Output Tpp = 
TN = 
C1 
‘a2 Notch Output R= 160kQ2 
C = 0.001 uF 
R1=1.6MQ 
Vref Where Tgp = Center Frequency Gain R2=1.6MQ 
™!N = Passband Notch Gain R3= 1.6MQ2 
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FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


Square Wave 
Output 


1 
— Vref Vref = 2 Vcc 


Given fo = Center Frequency 
A(fg) = Gain at Center Frequency 


Choose Value fy, C 


Then: 
pa os 
Tf C 
ate R3 
2 Alfa) 
R1R5 
R2 


~ 402 R1— R5 
For less than 10% error from operational amplifier 


Qq fo 
BW 


<0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with 
voltage follower buffer to stabilize filter parameters. 


a See EEE 
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MC3405 
MC3505 MOTOROLA 


DUAL 
OPERATIONAL AMPLIFIER 
AND 
DUAL VOLTAGE COMPARATOR 


DUAL OPERATIONAL AMPLIFIER 
AND DUAL COMPARATOR 


The MC3405/3505 contains two differential-input operational 
amplifiers and two comparators, each set capable of single supply 
operation. This operational amplifier-comparator circuit fulfills its 
applications as a general purpose product for automotive and 
consumer circuits as well as an industrial building block. 

The MC3405 is specified over the commercial operating tem- 
perature range of 0 to + 70°C, while the MC3505 is specified over 
the military operating range of —55 to + 125°C. 

@ Operational Amplifiers Equivalent in 

Performance to MC3403/3503 

Comparators Similar in Performance to LM339/139 

Single Supply Operation: 3.0 to 36 Volts 

Split Supply Operation: +1.5 to +18 Volts 
@ Low Supply Current Drain 
@ Operational Amplifiers Are Internally Frequency Compensated 


@ Comparators TTL and CMOS Compatible 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


SINGLE SUPPLY SPLIT SUPPLIES 
3.0 V to 36 V 


=1.5 V to 18V 
14 


' (Top View) 


sae 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


= 15Vt0 18 V 


Inputs 1 . Inputs 4 


Vcc 
(MC3405 only) 


Inputs 2 


ORDERING INFORMATION 
Temperature Range 


(Top View) 
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MC3405, MC3505 


OPERATIONAL AMPLIFIER SECTION 
MAXIMUM RATINGS 


Power Supply Voitage—Single Supply 

Split Supplies 
Input Differential Voltage Range 
Input Common Mode Voltage Range 
Operating Ambient Temperature Range—MC3505 -55 to +125 

MC3405 0 to +70 
Storage Temperature Range—Ceramic Package 
Plastic Package 


Operating Junction Temperature Range—Ceramic Package 
Plastic Package 


Characteristic 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 


Large-Signal Open-Loop Voltage Gain AVOL 
(Ry = 2.0 kQ) 


Power Supply Rejection Ratio PSRR 


MC3405 


MC3505 


2 200 eae 20 200 


a Oo 


3.5 3.3 3.5 
Vec-2.0 | Vec-1.7 Vcc-2.0 | Vec-1.7 


= 


Symbol 


wW 
: 
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ae) 

> 
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s 
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Ww (oo) 
1 
NO 
io) 
: 
1 
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oO 
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Output Voltage Range (Note 1) 
(Rp =10kQ, Vcc = 5.0 V) 
(RL = 10 k2,5.0 V < Vcc < 30 V) 


Power Supply Current (Notes 2 and 3) lec 


Channel Separation 
f = 1.0 kHz to 20 kHz 
(Input Referenced) 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VEE =-15 V, Ta = 25°C unless otherwise noted) 
Pete] = | Fel 
(Ta = Tlow to Thigh) (Note 4) - 6.0 — 12 
eae ee ee 
input Offset Voltage 
[itatraomupwwn | "| - | - | wo] - | = | ol 
(Ta = Tlow to Thigh) (Note 4) 200 200 
Input Bias Current -~200 -500 -200 ~500 nA 
itasTinwwtrgntwowa | | =| gon | soo] | | Sooo | 
Res ee Pere 
fee! 
| 150 | 


< 
Oo 
D 


4 


N 
oO 


ue 
N 
° 
E 
N 
oO 


Large Signal Open Loop Voltage Gain 3 
(Vg = +10 V,R_ = 20 kQ) 20 200 
(Ta = Tiow to Thigh) (Note 4) 15 100 
Output Voltage _ 


Vo 
(Ry = 10 kQ) 
(RL = 2.0 kQ) 
(RL = 2.0 kQ, Ta = Throw to Thigh) 
(Note 4) 
Power Supply Current (Notes 2 and 3) 
Small-Signal Bandwidth CC | 
(Ay =1, RL = 10 kQ, Vg = 50 mV) 
Power Bandwidth 
BS) 


I 
Ww 
— 
on 
jo) 
: 
(=) 


50 

25 

70 
12 
10 
10 
10 


+ 
tf 
= 
£ 


~y | 
—| > 
or 

< 

Q 

a 


o 
E 
> 


kHz 


(Ay =1, Ry = 2.0 kQ, Vo = 20 V (p-p), 
) 
Rise Time/Fall Time tTLH- tTHL 


BW 
BW 
THD = 5% 
Overshoot (Ay =1, Ry = 10 kQ, O 
Vo = 50 mv) 
PSewrate ——SSSCSCS~S 


NOTES: 1. Output will swing to ground 4. Tlow = -55°C for MC3505 Thigh = +125°C for MC3505 
2. Not +o exceed maximum package power dissipation. = 0°C for MC3405 = +70°C for MC3405 
3. For Operational Amplifier and Comparator. 
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MC3405, MC3505 


| COMPARATOR SECTION 


MAXIMUM RATINGS 


Power Supply Voltage—Single Supply 
Split Supplies — 


Operating Ambient Temperature Range—MC3505 TA -55 to +125 “Cc 
Plastic Package -55 to +125 
Operating Junction Temperature Range—Ceramic Package Ty 175 ¢ 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, T, = 25°C unless otherwise noted) 


(TA = Tiow to Thigh) (Notes 1 and 2) 
Average Temperature Coefficient of AV1Q/AT 
“pew ornvenge [EL 
Input Offset Current 
iano tg Wott | 
Input Bias Current 
tation Tg wom) | 


Input Common Mode Voltage Range 
Input Differential Voltage VID 
(All Vin 2 O Vdc) 
Large-Signal Open-Loop Voltage Gain AVOL 
(Rp =15 kQ) 
Output Sink Current 
(Vin (-) = 1.0 Vdc, Vin (+) =0, 
Vo<15 Vv) 
Low Level Output Voltage 
(Vin (+) =O V, Vin (-) = 1.0 V, 
sink = 4.0 mA) 

(Ta = Tiow to Thigh) (Note 1) 

Output Leakage Current 
(Vin (+) = 1.0 Vdc, Vin (-) =0, 
Vo = 5.0 Vdc) 

(Ta = Tlow to Thigh) (Note 1) 


Large-Signal Response 


Response Time (Note 3) 
(Va_ = 5.0 Vde, Ry =5.1 kQ) 
NOTES: 1. Tiow = -55°C for MC3505 Thigh = +125°C for MC3505 
= 0°C for MC3405 = +70°C for MC3405 


2. Vo = 1.4V, Rg =0 2 with Vcc from 5.0 Vdc to 30 Vdc, and over the input common mode range 0 to Vcc - 1.7 V. 
3. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals 300 ns is typical. 


Veco -1.5 | Veco -1.7 Vp-p 
Vcc -1.7 | Vec -2.0 


Vec-1-7. | Veco -2.0 


ee it 


pa 
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Operational Amplifier Side 


CIRCUIT SCHEMATIC 
(1/2 OF CIRCUIT SHOWN) 


Output 


Bias Circuitry 
Commen to All Op Amps 
and Comparators 


Comparator Side 


Vec 
O4 


Output 
O1,7 


Q34 


O11 
VeE/Gnd 
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MC3405, MC3505 


OPERATIONAL AMPLIFIER SECTION 
- TYPICAL PERFORMANCE CURVES 


FIGURE 1 — SINE WAVE RESPONSE FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


S a VEE = “18 
= z = Ta = 25°C 
> = 
mn oS 
oO ” wi 
wc 
od 
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jan) 


1.0 10 100 1.0 k 10k 100 k 1.0M 
f, FREQUENCY (Hz) 


50 mV /div. 


=. —— AB —— aoe i 
produces distortionless sinewave. 


50 us/div. 


FIGURE 3 — POWER BANDWIDTH FIGURE 4 — OUTPUT SWING versus SUPPLY VOLTAGE 


Vg, OUTPUT VOLTAGE (VOLTS p-p) 
Vor, OUTPUT VOLTAGE RANGE (VOLTS p-p) 
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f, FREQUENCY (Hz) Vcc AND |Ve¢i POWER SUPPLY VOLTAGES (VOLTS) 

FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
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MC3405, MC3505 


COMPARATOR SECTION 
TYPICAL PERFORMANCE CURVES 


FIGURE 7 — NORMALIZED INPUT OFFSET VOLTAGE 
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Slope Can Be Either Polarity. 
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Ta, AMBIENT TEMPERATURE (°C) 


lip, INPUT BIAS CURRENT (nA) 


Isinke OUTPUT SINK CURRENT (mA) 


FIGURE 8 — INPUT BIAS CURRENT 
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Vec, POSITIVE SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — OUTPUT SINK CURRENT 
versus OUTPUT VOLTAGE 


Vo., OUTPUT VOLTAGE (mV) 


APPLICATIONS INFORMATION 
FIGURE 11 — PULSE WIDTH MODULATOR SCHEMATIC AND WAVEFORMS 


O 
VEE 


1 
VTH=5Vs(1 + R2/R1) + VEE Vs=Vcec-VEE 


VTL= ZVs8(t ~ R2/R1)+ VEE 
Oscillator Frequency 


R1 


'= GRyCR2 


(a) Oscillator Square Wave Output 


Vsw 
Voc 
Vee>= 
V+ (b) Triangle Wave and Control Voltage |! 
; 


Time 
— 


Vcc 
VEE 
¥ Time 
Pulse Width —> 


_{1 Vere VTL 
PLW. = (7) (weve When: VTL < Ve < VTH 


TH YTL 


Duty Cycle in % 


Yeo VTL 


D.c. = (————__= } (100) 
(o = val 
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| MC3405, MC3505 


FIGURE 12 — WINDOW COMPARATOR 


10k 
Vcc 
AV 
Adjust 
| 
Ve Adjust 
Op Amp 2 Vin 
| VEE 
| FIGURE 13 — SQUELCH CIRCUIT FOR AM OR FM 
C3 
(on C2 
Vin >——- 
R1 


Op Amp 1 


High Pass Filter 


High Pass Filter 


Given: Ag, QO, Wo = 27f, 


Squelch 
Threshold Adj 


Choose: C = C1 = C2, A Convenient Value R38C4 > 5 Tin 
=-_2. Where: Tj, is the period of vin 
ealetste 2 oe a Switched Audio Stage 
| C3 = x Q = Quality Factor 
o A. Ag = High Frequency Gain Gain of Audio Stage 
A QW oC(2A, + 1) Wo = Break Frequency Rf 
ean - 
FIGURE 14 — HIGH/LOW LIMIT ALARM ' 
c 
Vv Vv 
cc 10k CC 
10k 
R4 re) 
Oscillator Vite Vin Vj 
7 R3 
VIL = VCC RTF RI4 RS 
_ R2+R3 
VIH = YCC RT + RO + RO 
Oscillator 


If R4= R5= RG 
Vj 
f = 0.72/R4C 


As Shown, f = 2.2 kHz 


Hi/Low 
Limit Detector 


Vo Will Oscillate If Vipy < vj, or Vit > Vj 


Vo Will Be Low If VIL < vi< VIH 


FIGURE 15 — ZERO CROSSING DETECTOR WITH TEMPERATURE SENSOR 


Zero Crossing Detector R4 + RS) 


Vv; = (VBE of Q1) as 


2V 
O—P Vo Ig> ae 


Vin 
R1 and R2 control the switching voltage 
VEE of the zero crossing detector 


Yo iF HH 1] Time 
Ta <Tset Vee 


Temperature Sensor 


ies Se i 
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MC3405, MC3505 


FIGURE 16 — LSTTL to CMOS INTERFACE WITH HYSTERESIS FIGURE 17 — “NOR” GATE 


LSTTL Level Shift CMOS 
Vit =1.17V 
Vin = 1.80 V 


*The same configuration may be used with an Op Amp 
if the 3 k resistor is removed. 


Vcc 
A 
B 3.0 k* 
Cc 
D ie G 
Comp* 
10k 10k 


G= AtBtC+D 


*The same configuration may be used with an Op Amp 
if the 3 k resistor is removed. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC3458 MC3358P1 —40°C to +85°C Plastic DIP 
~ MC3458G 0°C to +70°C Metal Can 
| MC3558 MC3458P1 0°C to +70°C Plastic DIP 
| MC3458U 0°C to +70°C Ceramic DIP 
, MC3358 MC3558G —55°C to +125°C Metal Can 
| MC3558U —55°C to +125°C Ceramic DIP 


Specifications and Applications 


Information DUAL DIFFERENTIAL 
INPUT 


OPERATIONAL AMPLIFIERS 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 


Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VEE, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MC 1558 dual operational 
amplifier. The MC3558 Series is equivalent to one-half of a MC3503. 

These amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
Operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601-04 


Short Circuit Protected Outputs 

True Differential Input Stage 

Single Supply Operation: 3.0 to 36 Volts 

Low Input Bias Currents 

Internally Compensated 

Common Mode Range Extends to Negative Supply 

Class AB Output Stage for Minimum Crossover Distortion 
Single and Split Supply Operations Available 

Similar Performance to the Popular MC1558 


inputs A Inputs B 


(Top View) 


MAXIMUM RATINGS 


P Rating | Symbot | Value | Unt 


Power Supply Voltages Vde 


Single Supply 36 P1 SUFFIX 
Split Supplies +18 PLASTIC PACKAGE 
-18 CASE 626-04 


(MC3458, MC3358 only) 


Range (1) 
Range (2) 


Vde 
Vdc 
Input Forward Current mA 
(V; < -0.3 V) 


| 
Junction Temperature Ty a @ 
Ceramic and Metal Packages 175 
Plastic Package 150 
Storage Temperature Range Tstg rs 
Ceramic and Metal Packages -65 to +150 
Plastic Package -55 to +125 


Operating Ambient Temper- 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


ature Range 


MC3558 -55 to +125 
MC3458 0 to +70 
MC3358 -40 to +85 


(1) Split Power Supplies. 
(2) For Supply Voltages less than +15 V, the absolute maximum input voltage is equal to 
the supply voltage. 


(Top View) 
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MC3458, MC3558, MC3358 


(For MC3558, MC3458, Vcc = +15 V, Veg =-15 V, Ta = 25°C unless otherwise noted.) (For MC3358, Vcc = +14 V, Veg = Gnd, 
ELECTRICAL CHARACTERISTICS Ta = 25°C, unless otherwise noted.) 


Ta= Thigh to Tlow (1) 
Input Offset Current 
Large Signal Open-Loop Voltage Gain 


Vo = +10 V, Ry = 2.0kQ, 
Ta = Thigh t© Tiow 


Typ 


+ 
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AVOL 


gq 
oO 


200 
300 


nN 
on 


Input Bias Current -200 -500 -200 -500 -200 500 nA 
Ta = Thigh tO Tlow -300 -1500 ~1000 


Output !mpedance 75 
f = 20 Hz 


Input Impedance 


jo) 
WwW 
jo) 


° 


7 
Ww or 

~ 
falta | 


3 
[o] 
fo) 

_ fo) 

N w 

: a 


f = 20 Hz 

Output Voltage Range 
RL = 10k2 12 135 £12 
RL = 2.0k2 +10 +13 +10 
Ri. = 2.0 kQ, Ta = Thigh © Tow +10 +10 


= 
fs) 


Vv 
12.5 
i 12 
ee 


Input Common-Mode Voltage Range Vien [+13 V VEE +13 V-VeE|+13.5V-VEE +12V BI +12.5V- ve 
Common-Mode Rejection Ratio CMRR 70 
Rg < 10k2 


Power Supply Current (Vg = 0) Icc lee 
Re = 00 


Individual Output Short-Circuit Current (2) los: 
Positive Power Supply Rejection Ratio PSRR+ 
Negative Power Supply Rejection Ratio PSRR- 


Average Temperature Coefficient of input 

Offset Current 

Ta = Thigh t© Tow 

Average Temperature Coefficient of Input 
Offset Voltage 

TA = Thigh tO Tiow 

Power Bandwidth 
Av=1, RL = 2.0k2, Vo = 20 Vip-p), 

THD = 5% 


Small-Signa! Bandwidth 

Ay = 1, RL = 10k2, Vo =50mv 
Slew Rate 

Ay =1.V,=-10V to +10 V 
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Rise Time 'TLH 0.35 035 
Ay =1,R_L =10k2, Vo = 50mvV 
Fall Time THL 0.35 0.35 


Ay = 1, RL = 10k, Vo = 50 mv 


versneet 
Phase Marsin 


Gael Distortion 
(Vin =30MVp-p, Vout = 2.0 Vp-p, 
f = 10 kHz) 


NO 
fo) 


NN 


= 
[=) 


(1) Thigh = 125°C for MC3558, 70°C for MC3458, 85°C for MC3358. 
Tlow = -55°C for MC3558, 0°C for MC3458, -40°C for MC3358. 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


bias od Symbol 


aed renee Cian 

input OWaet Vonage —_——SSS*dY | 2 a 

Finput Offset Current «dt to | 80 ee a ee ee 

[input Biss Current ———SSSSCSC~dCiw | [500 
ue 


Large-Signal Open-Loop Voltage Gain AVOL 20 200 20 200 
RL =2.0k2 


Power Supply Rejection Ratio 


Output Voltage Range (3) 
Ry. = 10k2, Vcc = 5.0 V 
RL = 10k2,5.0V <Vcc<30V 


Power Supply Current : 


Channel Separation 
f = 1.0 kHz to 20 kHz (Input Referenced) 


(2) Not to exceed maximum package power dissipation. 
(3} Output will swing to ground 


[ 
(?) 
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MC3458, MC3558, MC3358 


REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 
(Y of Circuit Shown) aie Both 
Output? | moplifiers 

oy pe 
on | 
| 
aime ia ! 
| 
Re ae 
31k ! 
al || 
i ! 
oy | 
: | 
| TORE PSL | 
| 
ie | 
! 
- | 
\ fC | 
| 

2 
N. } af | 
as cre | 
i | OVeg (Gnd) 

| | 


CIRCUIT DESCRIPTION 


INVERTER PULSE RESPONSE The MC3558 Series is made using two internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and QO4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper- 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


5 V/div. 


20 uws/div. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-178 


MC3458, MC3558, MC3358 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — SINE WAVE RESPONSE FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 
2 a 
= = 
> = 2 
9) =a 
, a) 
2 Bus 
Wars) 
od 
ae 
qt — 
Ag 
as 
<5 
z 
[ee) 
a. 
. ro) 
2 ae = = ‘: = + 2 
fimo 
E ro ~~ x *® a ~ y, nN ; 
9 SO GEE au a 1.0 10 100 10k 10k 100k 10M 
produces distortionless sinewave. f, FREQUENCY (Hz) 
50 us/div. 


FIGURE 3 — POWER BANDWIDTH FIGURE 4 - OUTPUT SWING versus SUPPLY VOLTAGE 
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Vo, OUTPUT VOLTAGE (VOLTS p-p) 


Vor, OUTPUT VOLTAGE RANGE (VOLTS p-p) 


0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 


f, FREQUENCY (Hz) Vcc AND Veg, POWER SUPPLY VOLTAGES (VOLTS) 
FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
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MC3458, MC3558, MC3358 | 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR 


Vcc 50k 


10k 
R2 


Vret 
Vo 


1 


f= 
10k 1 9 2m RC 
R1 Vref = 2 Vice For fg=1kHz 
R= 16k 
C = 0.01 uF 
FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 — COMPARATOR WITH HYSTERESIS 
Hysteresis 


| 


Vint | VinH 
Vref 
Vint = R1+R2 (VoL ~ Vret) + Vret 
R1 
= Vin Gano VOR Viet! t Viet 
@5 = C (1 + a+b) (e2 - e1) A R1 5 er 
“i+ 2 (YOH~ YOu 


FIGURE 11 — BI-QUAD FILTER 


Vret 


Q=10 
Bandpass Vref 
Output PRP. 
Ty = 1 
on 
(——® Notch Output R= 160 k22 
C = 0.001 uF 
R1= 1.6MQ2 
Viet Where Tgp = Center Frequency Gain R2=1.6M2 
Ty = Passband Notch Gain R3= 1.6M2 
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MC3458, MC3558, MC3358 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


Square Wave 
Output 


R1+RC ; R2 R1 
Sane a eit eat if R3=——..- 
4 CR; R1 R2+R1 


FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 


R1 


1 
Vret Vref = 2 Vcc 


Given fo = Center Frequency 


Alfg) = Gain at Center Frequency 


Choose Value fy, C 


Then: 
_ a 
456 
_ RB 
~ 2 Alfg) 
R1R3 
R2 


~4Q2 R1 — R3 


For less than 10% error from operational amplifier 


Qo fo : 
aw <0.1 Where fy and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with 
voltage follower buffer to stabilize filter parameters. 
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(AA) MOTOROLA 


LOW-COST PROGRAMMABLE 
OPERATIONAL AMPLIFIER 


LOW-COST 
PROGRAMMABLE 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3476 is a low-cost selection of the popular, industry- 
standard MC1776 programmable operational amplifier. This 
extremely versatile operational amplifier features low power 
consumption and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of 
an external resistor value or current source applied to the Ice¢ input. 
This allows the amplifier’s characteristics to be optimized for input 


G SUFFIX 
METAL PACKAGE 
CASE 601-04 


current and power consumption despite wide variations in operating 
power supply voltages. 

+6.0 V to £18 V Operation 

Wide Programming Range 

Offset Null Capability 


No Frequency Compensation Required (a) 


8) 
Offset poe G 
inverting Input (2) > (6) 
Non-Inverting rm Core Null 


VEE 


Low Input Bias Currents 


Short-Circuit Protection 


RESISTIVE PROGRAMMING (See Figure 1.) 


Rset to GROUND Reet to NEGATIVE SUPPLY 


(Top View) 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


Reet 


Vcc -0.6 -VEE 
Iset = a 
set 


Typical Regy Values 


Typical Reet Values 
Vcc. VEE| lset = 10HA Iset = 15 NA 


Vec, VEE] 'set = 10MA | set = 15 MA 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


ACTIVE PROGRAMMING 


FET CURRENT SOURCE BIPOLAR CURRENT SOURCE 


(Top View) 


ORDERING INFORMATION 


[Device | Temperature Range | Package _| 


Pins not shown are not connected. 
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MC3476 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


ating SSS ide dC 


Offset Null to Veg Voltage Votf-VEE 


Programming Voltage (Vec-0.6 V) Vde 
(Voltage from Ise¢ terminal to ground) to 
Vec 
° 


Storage Temperature Range Tstg 
Metal and Ceramic Packages -65 to +150 
Plastic Package ~55 to +125 
Ty 


Junction Temperature 
Metal and Ceramic Packages 
Plastic Package 


*Short-Circuit to ground with Ise¢ < 15 uA. Rating applies up to ambient temperature of +70°C. 


EQUIVALENT SCHEMATIC DIAGRAM 


8 O Iset 


20- 
INPUTS 
30 
+ 
2k 
100 OUTPUT 
se : 


7 OS 
OFFSET NULL 
. Pp 
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~MC3476 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Iset = 15 HA, Ta = +25°C unless otherwise noted.) 


Characteristic 
Input Offset Voltage (Rg < 10 kQ) 
Ta =+25°C : 
0°C < Ta < 70°C 
Offset Voltage Adjustment Range 


Input Offset Current 
TA = +25°C 
Ta = 70°C 
TA = 0°C 
Input Bias Current 
TA =+25°C 
Ta = 70°C 
Ta =0°C 
Input Resistance 
Input Capacitance 


Input Common-Mode Voltage Range 
| =©0°C < Ty < 70°C 
Large Signal Voltage Gain 
RL = 10k2,VoQ = +10 V, Ta = +25°C 
RL > 10kQ, Vg = +10 V, 0°C < Ta < 70°C 
Output Voltage Range 
RL = 10k2, Ta =+25°C 
Rp_ = 10 k2,0°C < Ty < 70°C 
Output Resistance 


Common-Mode Rejection Ratio 
Rg < 10 k2, 0°C < Ty < 70°C 


Supply Voltage Rejection Ratio 
Rg < 10 k2,0°C < Ty < 70°C 


Supply Current 
TA= +25°C 
0°C < Ty < 70°C 
Power Dissipation 
Ta =+25°C 
0°C < Ty < 70°C 
Transient Response (Unity Gain) 
Vin = 20 mV, RL = 10 kQ, Cy = 100 pF 
Rise Time 
Overshoot 


Slew Rate (Ry = 10 k2) 


TRANSIENT-RESPONSE 


VOLTAGE OFFSET TEST CIRCUIT 
NULL CIRCUIT. 


7QOVcc 


Pins not shown are not connected. 
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15 V 
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CURRENT versus SET CURRENT 


FIGURE 2 — POSITIVE STANDBY SUPPLY 
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TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 
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FIGURE 1 — SET CURRENT versus SET RESISTOR 


MC3476 
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> VEE 
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CA | 


Iset, SET CURRENT (uA) 
set, SET CURRENT (uA) 
versus SET CURRENT 
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FIGURE 6 — GAIN-BANDWIDTH PRODUCT (GBW) 


FIGURE 4 — INPUT BIAS CURRENT versus SET CURRENT 
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iset, SET CURRENT (uA) 


set, SET CURRENT 


versus SET CURRENT 


FIGURE 5 — SLEW RATE 
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FIGURE 3 — OPEN-LOOP GAIN versus SET CURRENT 


(A/A) NIVD dOO1-N3d0 ‘1O0Ay 


(S4/A) ALVY M3TS ‘YS 


Iset, SET CURRENT (uA) 
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Iset, SET CURRENT (uA) 


| 


MC3476 


VO(p-p), PEAK-TO-PEAK OUTPUT 


VOLTAGE SWING (V) 


24 
Sane 
r A ETE 
OE | 
" + 1 ll 
EE 
Se 


TYPICAL CHARACTERISTICS (continued) 


(Tp = +25°C unless otherwise noted.) 


FIGURE 7 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


veo TTF 

Vee -15V pe. 

ea EH nr 
YT 


1.0 k 10k 100k 1.0M 
RL, LOAD RESISTANCE (OHMS) 


Vo, OUTPUT VOLTAGE SWING (V) 


FIGURE 8 — OUTPUT SWING 


versus SUPPLY VOLTAGE 


Vcc, |VeEEl, SUPPLY VOLTAGES (V) 
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MC4558, 
MC4558AC, MC4558C, 
MC4558N, MC4558NC 


MOTOROLA 


DUAL WIDEBAND OPERATIONAL AMPLIFIER 


DUAL WIDE BANDWIDTH 


OPERATIONAL AMPLIFIER 
The MC4558, MC4558AC, and MC4558C combine all the out- 
standing features of the MC1458 and, in addition, possess three 
times the unity gain bandwidth of the industry standard. | SILICON MONOLITHIC 
| INTEGRATED CIRCUIT 
@ 2.5 MHz Unity Gain Bandwidth Guaranteed on MC4558 and 


MC4558AC 
2 MHz Unity Gain Bandwidth Guaranteed on MC4558C 
Internally Compensated 
Short-Circuit Protection G SUFFIX 
METAL PACKAGE 
CASE 601-04 


Gain and Phase Match between Amplifiers 
Low Power Consumption 
Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS (Tp = +25°C unless otherwise noted) 
MC4558 © 
Symbol | MC4558AC| MC4558C Unit 
Vcc +22 +18 Vde 
VEE -22 Vdc 


Continuous 


Output 


A. Si 
bros) 
S 


Inputs 
A 


See Ordering (Top View) 


Information Below 


Storage Temperature Range a 
- Metal and Ceramic Packages . -65 to +150 
Plastic Package -55 to +125 
Junction Temperature dC} 
Metal and Ceramic Packages 
Plastic Package 


Note 1. For supply voltages less than + 15 V, the absolute maximum input voltage is equal U SUFFIX 
to the supply voltage. CERAMIC PACKAGE 
Note 2. Short circuit may be to ground or either supply. CASE 693-02 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


EQUIVALENT CIRCUIT SCHEMATIC 
(1/2 of Circuit Shown) 


(Top View) 


ORDERING INFORMATION 


Temperature 
Range - Package 
MC4558G,NG |-55to +125°C| Metal Can | 
MC4558NU,U —55 to '+ 125°C} Ceramic DIP 


MC4558CG,NCG | 0 to +70°C 


MC4558ACP1 0 to +70°C Plastic DIP 
CP1,NCP1 


Non-Inv 
input 


MC4558CU,NCU| 0 to +70°C Ceramic DIP 
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M4558, MC4558AC, MC4558C, MC4558N, MC4558NC 


FREQUENCY CHARACTERISTICS |(Vcc = 15 V, Veg = -15 V, Ta = 25°C) 


MC4558C 


Input Offset Voltage 
(Rg < 10 kQ) 


Large Signal Voltage Gain 
(Vg = +10 V, Ry = 2.0 kQ) 


Output Resistance 
Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Supply Voltage Rejection Ratio 
(Rg < 10 kQ) 
Output Voltage Swing 
(R~ 210 kQ) 
(RE 22 kQ) | 
Output Short-Circuit Current ; 


Supply Currents (Both Amplifiers) 


Power Consumption (Both Amplifiers) 


3 
, : 


Transient Response (Unity Gain) 
(Vj =20mV, RL >2k2, CL < 100 pF) Rise Time 
(Vj =20mV, RE >2k2,C_ < 100 pF) Overshoot 
(Vj=10V, RE >2k2,C_ < 100 pF) Slew Rate 


input Offset Voltage mV 
(Rs < 10k) 

Input Offset Current 
(TA = Thigh) nA 
(TA = Tlow) 
(Ta = OPC to +70°C) | 

Input Bias Current 
(TA = Thigh) nA 
(Ta = Tlow) 
(Ta = 0°C to +70°C) 

Common Mode Input Voltage Range +12 Bee eee ee 


Large Signal Voltage Gain 
(Vo = +10 V, Ry = 2 kQ) 


Common Mode Rejection Ratio CMRR 70 90 — — _ — ' dB 
(Rg < 10 kQ) 

Supply Voltage Rejection Ratio PSRR — 30 150 - — _ uV/V 
(Rg <10kQ) 


Output Voltage Swing 

(Ry > 10 kg) 

(Ry >2 kQ) 

Supply Currents (Both Amplifiers) 
(Ta = Thigh) 

(Ta = Tlow) 

Power Consumption (Both Amplifiers) 
(Ta = Thigh) 

(Ta = Tiow) 


*Thigh = 125°C for MC4558 and 70°C for MC4558C and MC4558AC. 
Tiow = -55°C for MC4558 and 0°C for MC4558C and MC4558AC. 
tljp is out of the amplifier due to PNP input transistors. 
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MC4558, MC4558AC, MC4558C, MC4558N, MC4558NC 


NOISE CHARACTERISTICS (Applies for MC4558N and MC4558NC only, Vcc = 15 V, Veg = -15 V, Ta = 25°C) 


Burst Noise (Popcorn Noise) 
(BW = 1.0 Hz to 1.0 kHz, t = 10s, 
Rs = 100 k&2) (Input Referenced) 


co 
2 Shim 
= = UT 
: ainsi 
8 100 r Ba 
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> e 
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= 4G = 
us < a 
7 ry 
Hiaemett Seat 
UT TTT Hill 
a Baal ORE 
oJ ilk 
10 100 1.0k 10 k 100 k 1.0M 10 100 1.0 10k 100 k 10M 
Rs, SOURCE RESISTANCE (OHMS) Rs, SOURCE RESISTANCE (OHMS) 
FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY 
> “N 
E Av = 10, Rs = 100 k2 
oc ae 
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za Mth tA = 89 
= LTT mates ” 
_ MRE ros) 
a = 60 
5 a 
jm) = 
é == = 40 
Sp essruumennuussenie 20 
0 1 
10 100 1.0 k 10 k 100 k 1.0™M 10 i00 1.0 k 10 k 100 k 
Rs, SOURCE RESISTANCE (OHMS) f, FREQUENCY (Hz) 
FIGURE 5 — BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 
Positive 
Threshold 
Voltage 
To Pass/Fail 
Indicator 
1k 
O ; oe Low Pass 
perational Amplifier : 
Under Test Filter 
1.0 Hz to 1 kHz 
- Negative 
Threshold 
For applications where low noise performance is essential, selected Voltage 
devices denoted by an N suffix are offered. These units have been 
100% tested for burst noise pulses on a special noise test system. The test time employed is 10 seconds and the 20 uV peak 
Unlike conventional peak reading or RMS meters, this system was limit refers to the operational amplifier input thus eliminating 
especially designed to provide the quick response time essential to errors in the closed-loop gain factor of the operational amplifier 
burst (popcorn) noise testing. under test. 
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MC4558, MC4558AC, MC4558C, MC4558N, MC4558NC 


FIGURE 6 — OPEN LOOP FREQUENCY RESPONSE - FIGURE 7 — PHASE MARGIN versus FREQUENCY 


ASE 


Avo, VOLTAGE GAIN (dB) 
+ 
S 
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RERZE CERES 
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IAL TT 
PERGSERRYS 
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Mar CReeees 
Tas 


1.0 10 100 10k 10k 100k 10M 10M : ; 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 


FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus LOAD RESISTANCE 
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a74n rite) TTI 
10 Aoi TTT 
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Rt, LOAD RESISTANCE (OHMS) Ri, LOAD RESISTANCE (OHMS) 


FIGURE 10 — POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 11 — TRANSIENT RESPONSE TEST CIRCUIT 
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To Scope 
(Input) 


To Scope 
(Output) 


Vo, OUTPUT VOLTAGE (Vp_p) 
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ORDERING INFORMATION MC4741 


Device Temperature Range Package 
MC4741L 55°C to +125°C Ceramic DIP MC4741C 
MC4741CL O° to +70°C Ceramic DIP 
MC4741CP 0°C to +70°C Plastic DIP 


Specifications and Applications 
Information 


QUAD MC1741 OPERATIONAL AMPLIFIERS 


QUAD MC1741 
DIFFERENTIAL INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC4741 series is a true quad MC1741. Integrated on a single 
monolithic chip are four independent, low-power operational 
amplifiers which have been designed to provide operating char- 
acteristics identical to those of the industry standard MC1741, and 
can be applied with no change in circuit performance. 

The MC4741 can be used in applications where amplifier matching 
or high packing density is important. Other applications include 

high impedance buffer amplifiers and active filter amplifiers. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


Each Amplifier is Functionally Equivalent to the MC1741 14 


bee 


1 
(Top View) 


Class AB Output Stage Eliminates Crossover Distortion 
True Differential Inputs 
Internally Frequency Compensated 


Short Circuit Protection 


Low Power Supply Current (0.6 mA/Amplifier) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


EQUIVALENT CIRCUIT SCHEMATIC PIN CONNECTIONS 
(1/4 of Circuit Shown) 


NON-INVERTING 
° NL 


INVERTING 
INPUT 


(Top View) 
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OMT Ee oe ee ee eT ee eo 


MC4741, MC4741C 


| MAXIMUM RATINGS (Ta = +25°C unless otherwise noted). 


Mc4741 | MC4741C 


+18 Cc 
-18 c 


eset 
ps5 10 125] o10+70 | 


Storage Temperature Range 
Ceramic Package -65 to +150 
Plastic Package ~55 to +125 


Vd 
Vd 
6 
°C 
Junction Temperature 2G 
Ceramic Package 
Plastic Package 


TYPICAL APPLICATION 


HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER 
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MC4741, MC4741C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = 25°C unless otherwise noted). 
MC4741 
y 


MC4741C 
yp 


+ 


[+ N = 
ie i : 
on fo) ro) ro) 


- 


Hf wa | RD ie) 
eae : 
on ALO oO [o>] 


Characteristic Symbol 


SG 


Input Offset Voltage Vio 
(Rg S10 k) 


Input Offset Current 


N 


20 


© 
N 


200 
Input Bias Current 


ak] stable 


Input Resistance 


o 
a) 


ViGe : 
Vicn| +12 [413 #12 [413 
Large Signal Voltage Gain - 200 


(Vo = 410 V, RL 22.0 k) 


~ NO 
NO 
jo) 


: 78 
Common Mode Rejection Ratio CMRR 70 
(Rg S10 k) 


t+ ° 
NO ioe) 
Ww ~ 
Oo 


—_ 
a 
oO 


Supply Voltage Rejection Ratio PSRR 
(Rs < 10 k) 


ie) 
Oo 


150 UV/V 


aad 
=o = 
ON 


Output Voltage Swing V 
(Ry 2 10 k) +14 +14 
(Ry 22k) | +13 


7.0 


| Output Short-Circuit Current 


3 


Supply Current — (All Amplifiers) 


OO 
oO 
—_ od 


On 90 suf [ro dit 
o ow Nip 1O] 7c 


Power Consumption (All Amplifiers) 120 


Transient Response (Unity Gain — Non-Inverting) 


210 | mw 
(V) = 20mV, RL 22k, CL <100pF) Rise Time 
(Vj = 20mV,RL_ > 2k, Cy, < 100 pF) Overshoot 
2 


PC 
tTLH 0.3 
os 15 % 
(V;=10V, RL 2k, Cy < 100 pF) Slew Rate SR 0.5 V/s 


ELECTRICAL CHARACTERISTICS (Vcc= +15 V, Vege =-15 V, Ty = *Thigh to Tloy unless otherwise noted.) 


MC4741 MC4741C 
Pe Cae eee Unit 
Input Offset Voltage Vio 7.5 mV 
(Rg S10 kQ) 


Input Offset Current nA 
(Ta = 125°C) 7.0 200 — 
(Tp = -55°C) 85 500 we | 
(Ta = 0°C to +70°C) — - 300 |. 

Input Bias Current nA 
(Ta = 125°C) 30 500 = 
(Ta = -55°C) 300 1500 = 
(Ta = 0°C to +70°C) 5 = td 

ares ae 


| Common Mode Input Voltage Range | Vic | tz | ets] | 
(Ry 22k, Vout = £10 V) 
Common Mode Rejection Ratio CMRR 70 90 — _ — 4 dB 
(Rg S10 k) 
(Rg S10 k) 


Output Voltage Swing 


(Ry 210 k) 
(Ry 22k) 


Supply Currents — (Al! Amplifiers) ID | P=] =| = mA 
(Ta = 125°C) — 2.4 3.4 
(Ta = -859C) ~ 3.6 | 5.0 

Ail Amplifiers) Tp = -55°C 108 150 

*Thigh = 125°C for MC4741 and 70°C for MC4741C 

Tiow =-55°C for MC4741 and 0°C for MC4741C 


ewe et ce 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-193 


NMiC4741, MC4741C 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vdc, Veg = -15 Vdc, Ta = +25°C-unless otherwise noted). 


FIGURE 1 — POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


2 Sea seaman 
B11 Ga 
ee en ae 
_ THD <5% 


RO 
> 


Ro 
So 


_ 
i) 


Vo, OUTPUT VOLTAGE (Vp-p) 
Fs 


8.0 


4.0 
0 
10 100 1.0k 10k 100 k 1.0 10 106 1.0k 10k 100k. 10M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 3 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 4 — NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus LOAD RESISTANCE 
-15 
-14 
[eet 
an a 
2 07 ca as sueues | 
= a eet 
7 =a ma a on 
© w -10 
has = -90 s2v1_| 
: Be gies ee) Ati maaeel 
7 S 7 ae | De 
= 5 pol | TZ ee TT 
> Ee 
° > -5.0 
E ae LZ Aa eee 
> { 
-3.0 Ya 
wee a ee 
10 ee oe a 
100 200 500 700 1.0k 2.0k 5.0k7.0k 10k 100 200 500 700 1.0k 2.0 k 50k 7.0k 10k 


R,, LOAD RESISTANCE (OHMS) Ri, LOAD RESISTANCE (OHMS) 


FIGURE 5 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


: 0 10 #20 30 40 50 60 7.0 8.0 9.0 10 
RL, LOAD RESISTANCE (kS) 
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MC4741, MC4741C 


FIGURE 6 — BI-QUAD FILTER 


V ref 


Bandpass 
Output 


C1 
R= 160 kQ2 (———@ Notch Output 
C = 0.001 wF oe 
R1= 1.6MQ Met 5: VCC 
R2=1.6M2Q Where T gp = Center Frequency Gain 
R3= 1.6MQ Tn = Passband Notch Gain 


. FIGURE 8 — OPEN LOOP VOLTAGE GAIN 
FIGURE 7 — NONINVERTING PULSE RESPONSE versus SUPPLY VOLTAGE 


5.0 V/DIV 


Av, VOLTAGE GAIN (dB) 


10 ys/DIV 
0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 
Vcc, IVEEI, SUPPLY VOLTAGES (VOLTS) 


FIGURE 9 — TRANSIENT RESPONSE TEST CIRCUIT 


To Scope 
(Input) 


To Scope 
(Output) 
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MC4741, MC4741C 


FIGURE 10 — ABSOLUTE VALUE DVM FRONT END 
0.5 uF 


500 k 


1 


O.5uF 291/MC1505 


1M.Common — 


47 k Mode Adjust 7 
+ 
> — Polarity 


MC4741 Quad Op-Amp 


Bridge Null Adjust 


VEE 
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(AA) MOTOROLA 


JFET-INPUT OPERATIONAL AMPLIFIERS 


These low cost JFET-Input operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic inte- 


grated circuit. Each internally compensated operational amplifier - 


has well matched high voltage JFET input devices for low input 
offset voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset cur- 
rents, and supply currents. 

The Motorola BIFET family offers single, dual and quad oper- 
ational amplifiers which are pin-compatible with the industry stan- 
dard MC1741, MC1458, and the MC3403/LM324 bipolar devices. 
The MC35001/35002/35004 series are specified over the military 
Operating temperature range of —55°C to +125°C and the 
MC34001/34002/34004 series are specified from 0°C to + 70°C. 

Input Offset Voltage Options of 2.0, 5.0, and 10 mV Maximum 

Low Input Bias Current — 40 pA 

Low Input Offset Current — 10 pA 

Wide Gain Bandwidth — 4.0 MHz 

High Slew Rate — 13 V/us 

Low Supply Current — 1.8 mA per Amplifier 

High Input Impedance — 10120 

High Common-Mode and Supply Voltage Rejection Ratios — 

100 dB 


Industry Standard Pinouts 


ORDERING INFORMATION 


Op Amp 
Function 


i MC35002,AU,BU,U —55 to +125°C Ceramic DIP 


0 to +70°C Ceramic DIP 
- Oto +70°C Plastic DIP 


MC34004BL,L 
MC34004BP,P 
MC35004BL,L 


—55 to +125°C| Ceramic DIP | 


MC34001, MC35001 
MC34002, MC35002 
MC34004, MC35004 


JFET-INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


~” @ SUFFIX 
METAL PACKAGE 
CASE 601-04 


MC34001, MC35001 
(Top View) 


Inverting 
Input 


MC34002, 
MC35002 
Inverting Inverting (Top View) 
Input A Input B 


Noninverting 6) Noninverting 
Input A Input B 


Output A C) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 
(MC34001, MC34002 only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


MC34001, 
McC35001 
Offset Null (Top View) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


P SUFFIX 
PLASTIC PACKAGE 
CAE 646-05 
(MC34004 only) 


MC34004, MC35004 !(Top View) 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


MC35001 MC34001 
MC35002 MC34002 
. MC35004 MC34004 


—55to +125 
Operating Junction Temperature | Ty 
Metal and Ceramic Packages | _ 150 
Plastic Packages = . 
Storage Temperature Range 
Metal and Ceramic Packages -65 to +150 | —65 to +150 
Plastic Packages : _ —55 to +125 


ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = —15 V, Ta = 25° unless otherwise noted). 


. Symbol | MC35001/35002/35004 MC34001/34002/3400 
MC3500XB, MC3400XB 


VIO mV 
1,0 2.0 1.0 2.0 
3.0 5.0 3.0 5.0 A a8 
MC3500X, MC3400X 5.0 10 5.0 10 


Average Temperature Coefficient of Input Offset Voltage AVjQ/AT 10 10 pV/°C 
Rs = 10k, Ta = Tigw to Thigh (Note 1) 
pA 


Input Offset Current (Vci = 0) (Note 2) 
MC3500XA, MC3400XA 10 25 25 50 
10 50 25 100 
25 100 25 100 
pA 
40 75 50 100 
40 100 50 200 
50 200 50 | 200 
Input Resistance 12 


MC3500XB, MC3400XB 
[ie ra Meer UE 
Common Mode Input Voitage Range VICR al ae 
= 42 


MC3500X, MC3400X 
Input Bias Current (VcM = 0) (Note 2) 

Large Signal Voltage Gain (Vo = +10V, RL = 2.0 k) 
MC3500XA, MC3400XA 


MC3500XA, MC3400XA . 
MC3500XB, MC3400XB 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Characteristic 


Input Offset Voltage (Rs < 10 k) 
MC3500XA, MC3400XA 


MC3500X, MC3400X 


Output Voltage Swing 
(Ry = 10 k) 
(Ry = 2.0 k) 


Common Mode Rejection Ratio (Rg < 10 k) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Supply Voltage Rejection Ratio (Rg < 10 k) (Note 3) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Supply Current (Each Amplifier) 

MC3500XA, MC3400XA 
MC3500XB, MC3400XB - 
MC3500X, MC3400X 


Slew Rate (Ay. = 1) 
Gain-Bandwidth Product 


Equivalent Input Noise Voltage 
(Rg = 100 0, f = 1000 Hz) 


Equivalent Input Noise Current (f = 1000 Hz) an 
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ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = -15V. TA = Tiow to Thigh [Note 1]). 


- Characteristic 


Input Offset Voltage (Rs = 10 k) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Input Offset Current (Vcjy = 0) (Note 2) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Input Bias Current (Vcjy = 0) (Note 2) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Common Mode Input Voltage Range 
Large Signal (Vo = +10V, RL = 2.0 k) 
MC3500XA, MC3400XA 


MC3500XB, MC3400XB 
MC3500X, MC3400X 


Output Voltage Swing 
(Ry = 10 k) 
(Ru = 2.0 k) 


Common Mode Rejection Ratio (Rg < 10 k) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Supply Voltage Rejection Ratio (Rs =< 10 k) (Note 3) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Supply Current (Each Amplifier) 
MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


NOTES: (1) Tiow = —55°C for MC35001/MC35001A/35001B (2) The input bias currents approximately double for every 10°C rise in junc- 
MC35002/MC35002A/35002B tion temperature, Tj. Due to limited test time, the input bias currents are 
MC35004/35004B correlated to junction temperature. Use of a heat sink is recommended 
= 0°C for MC34001/34001A/34001B if input bias current is to be kept to a minimum. 
MC34002/34002A/34002B 
MESO canoe (3) Supply voltage rejection ratio is measured for both supply magnitudes 


Thigh = + 125°C for MC35001/MC35001A/35001B 


MC35002/MC35002A/35002B increasing or decreasing simultaneously, in accordance with common 


MC35004/35004B pRacuee: 
= +70°C for MC34001/34001A/34001B 
MC34002/34002A/34002B (4) Unless otherwise specified, the absolute maximum negative input volt- 
MC34004/34004B age is equal to the negative power supply. 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


| TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 1 — INPUT BIAS CURRENT FIGURE 2 — OUTPUT VOLTAGE SWING 
versus TEMPERATURE versus FREQUENCY 


lig. INPUT BIAS CURRENT (nA) 


Vg, OUTPUT VOLTAGE SWING (Vp-p) 


100 1.0 k 10 k 100 k 1.0M 10M 
f, FREQUENCY (Hz) 


FIGURE 3 — OUTPUT VOLTAGE SWING FIGURE 4 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


JALIL 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


LINE EET 
= IN 


Vs, SUPPLY VOLTAGE (+ V) 


FIGURE 5 — OUTPUT VOLTAGE SWING FIGURE 6 — SUPPLY CURRENT PER AMPLIFIER 
versus TEMPERATURE versus TEMPERATURE 


. 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 
Ip, SUPPLY DRAIN CURRENT (mA) 


60. 25 0 25 50 75 100 = 125 25 50 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


FIGURE 7 — LARGE-SIGNAL VOLTAGE GAIN AND FIGURE 8 — LARGE-SIGNAL VOLTAGE GAIN 
PHASE SHIFT versus FREQUENCY versus TEMPERATURE 


1000 


= 
[am] 


100 


— 
Oo 


Avo, OPEN LOOP GAIN 


> 
E 
= 
= 
<< 
Oo 
taut 
Oo 
<< 
a 
_ 
oO 
> 
= 
Oo. 
> 
xt 


1.0 10 100 10k 10k 100k 10M 10M =D 225". 2 = 450 75 100 = 125 
f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 9 — NORMALIZED SLEW RATE FIGURE 10 — EQUIVALENT INPUT NOISE VOLTAGE 
versus TEMPERATURE versus FREQUENCY 


NORMALIZED SLEW RATE 


@n, EQUIVALENT INPUT NOISE VOLTAGE (nV/ Vz) 


0 
0. 2225 0 25 50 75 100 = 125 0.01 0.05 0.1 0.5 1.0 5. 
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (kHz) 


FIGURE 11 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 


0.01 


0.005 _ 
nae 


THD, TOTAL HARMONIC DISTORTION (%) 
Hitt 


| { 
eee 
0.1 0.5 1.0 5.0 


f, FREQUENCY (kHz) 


0.001 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(Each Amplifier) 


Output 


a eee 
aaa A Le 
eel 


; | Bias Circuitry 
TYPICAL APPLICATIONS 


Offset 
Null 
(MC34001, 
McC35001 
only) 


| Common to All ' 
Amplifiers 


FIGURE 12 — OUTPUT CURRENT TO VOLTAGE TRANSFORMATION 
FOR A D-TO-A CONVERTER 


Settling time to within 1/2 LSB (+19.5 mV) is approximately 4.0 
us from the time all bits are switched. 


*The value of C may be selected to minimize overshoot and ring- 
ing (C ~ 68 pF). 


Theoretical Vo 


MC1508L-8 
Viet Al A2 A3 A4 AS AB AT AB 

Vo = ting) |= te 
MC1408L on Hg [P+ F +S. M SB, 


Adjust Vref, R1 or R¢ so that Vo with all digital inputs at high 
‘level is equal to 9.961 volts. 


Vref = 2.0 Vde 
R1 = R2 ~ 1.0 kN 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


FIGURE 13 — POSITIVE PEAK DETECTOR 


1/2 MC34002 


*Polycarbonate capacitor 
D1 = Hi-speed, low-reverse leakage diode 


FIGURE 14 — LONG INTERVAL RC TIMER FIGURE 15 — ISOLATING LARGE CAPACITIVE LOADS 


O+15V R2 5.1k 
2n,7| MC34001 


+2.0V 
ane 
—2.0V 


R5 ¥* Polycarbonate or 
Polystyrene Capacitor ®@ Overshoot <10% 
7 ® ts = 10 us 
Time (t) = R4 Cén (VR/VR-V)), R3 = Ra, R5 = 0.1 Re @ When driving large C., the Vout slew rate is determined by CL 
If R1 = R2: t = 0.693 R4C and lout(max): 
Design Example: 100 Second Timer AVout _ lout _ 0.02 ,; 
g P © ——OUt _ -QUt _ =“ Vis = 0.04 V/us (with CL shown) 
VR=10v C=1.0uF R3=R4= 144M At CL) OO. 
R6 = 20k R5 = 2.0k R1 = R2 = 1.0k 
FIGURE 16 — WIDE BW, LOW NOISE, 
LOW DRIFT AMPLIFIER 
C2 
fmax = 240 kHz 
R1 10 V 
Vin oO 
mn ~10V 
O 
=o 4 McC34001 
= VEE 
@ Power BW: fmax = St = 240 kHz 


2nVp 


Parasitic input capacitance (C1 = 3 pF pilus any additional layout ca- 
pacitance) interacts with feedback elements and creates undesirable 
high-frequency pole. To compensate add C2 such that: R2C2 = R1C1. 
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MC34074,A 
MC35074,A (| | MOTOROLA 


MiC33074,A 


HIGH SLEW RATE, WIDE BANDWIDTH, 
SINGLE SUPPLY QUAD OPERATIONAL AMPLIFIER 


QUAD HIGH PERFORMANCE 
SINGLE SUPPLY 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 


A standard low-cost Bipolar technology with innovative design INTEGRATED CIRCUIT 


concepts is employed for the MC34074 series of monolithic quad 
operational amplifiers. These devices offer 4.5 MHz of gain band- 
width product, 13 V/us slew rate, and fast settling time without the 
use of JFET device technology. In addition, low input offset voltage 
can economically be achieved. Although these devices can be 
operated from split supplies, they are particularly suited for single 
supply operation, since the common mode input voltage range 
includes ground potential (Vef). The all NPN output stage, char- 
acterized by no deadband crossover distortion and large output 
voltage swing, also provides high capacitive drive capability, excel- 
lent phase and gain margins, low open-loop high frequency output 
impedance and symmetrical source/sink ac frequency response. 
The MC34074/33074/35074 series of devices are available in stan- 
dard or prime performance (A Suffix) grades and specified over 
commercial, industrial/vehicular or military temperature ranges. 


@ Wide Bandwidth: 4.5 MHz 

@ High Slew Rate: 13 V/us 

e Fast Settling Time: 1.1 ws to 0.10% 

e Wide Single Supply Operating Range: 3.0 to 44 Volts 

@ Wide Input Common Mode Range Including Ground (Ver) 
@ Low Input Offset Voltage: 2.0 mV Maximum {A Suffix) 

e Large Output Voltage Swing: -14.7 V to + 14.0 V forVcg = +15V 
@ Large Capacitance Drive Capability: 0 to 10,000 pF 

@ Low T.H.D. Distortion: 0.02% 

@ Excellent Phase Margins: 60° 

@ Excellent Gain Margin: 12 dB 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


P SUFFIX i 
PLASTIC PACKAGE a 
1 


CASE 646-05 


PIN CONNECTIONS 


SINGLE SUPPLY SPLIT SUPPLIES 


3.0 V to 44V 


(Top View) 


ORDERING INFORMATION 


Temperature Range 


MC35074L, AL -55 to +125°C Ceramic DIP 
MC33074L, AL -40 to + 85°C Ceramic DIP 
MC33074P, AP -40 to + 85°C Plastic DIP 
MC34074L, AL Oto + 70°C Ceramic DIP 
MC34074P, AP Oto + 70°C Plastic DIP 


Voc + Vegi = 44V 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MC34074,A, MC35074,A, MC33074,A 


MAXIMUM RATINGS 


Vs 
nae 
Ty 
T stg 


Output Short-Circuit Duration (Note 2) 
Operating Ambient Temperature Range 2 8C 
MAXIMUM DEVICE POWER DISSIPATION 


NOTES: 
1. Either or both input voltages must not exceed the magnitude of Vec Or Veg: 
2. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not exceeded. 


MC35074,A -55 to + 125 
MC33074,A -40 to +85 
MC34074,A Oto +70 


Operating Junction Temperature 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


~65 to + 150 
-55 to +125 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


Bias Common to 
Circuitry All Amplifiers 
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MC34074,A, MC35074,A, MC33074,A 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = -15 V, Ry connected to ground, Ta = Thow to Thigh [Note 3] unless 
otherwise noted) 7 | 


| | | MC35074A/34074A/ 
| 3 33074A 


Characteristic 


MC35074/34074/33074 


Input Offset Voltage (Vcjy = 9) 
Vcc = +15 V, Vege =-15V, Tp = Bicone 
Vcc = +5.0V, Veg = OV, Ty = +25°C 
Vcc = +15 V, Vege = -15V, Tp = Tiow to Thigh 


Average Temperature Coefficient of Offset Voltage | A V\Q/AT 


Input Bias Current (Vcjyy = 0) 
Ta = +25°C 
Ta = Tow f° Thigh 

Input Offset Current (Vepq = 0) 
Ta = +25°C 


Large Signal Voltage Gain 
Vo = +10 V, Ry = 2.0k 


Output Voltage Swing 
+ 5.0 V, Vee =O0V Ry = 2.0k, Ta = +25°C 
+ 15 V, Vege = -15V, Ry = 10 k, Ta = +25°C 
+15V, VEE -15 V, Ry = 2.0k, Ta = Throw to Thigh 
+5.0 V, Vee =O0V, Rp = 2.0k, Ta = +25°C 
+15 Vi Vee + -15V, Ry, = 10k, Ta = +25°C 
+15 V, VEE = -15V, Ry = 2.0k, Ta = Tiow to Thigh 


Output Short-Circuit Current (Ta = +25°C) Isc mA 
Input Overdrive = 1.0 V, Output to Ground 
Source 10 30 30 
Sink 20 47 47 


Input Common Mode Voltage Range . V 
Ta = +25°C VEE to (Vec — 1.8) VEE to (Vec - 1.8) 


Ta = Tiow to Thigh VEE to (Vcc — 2.2) VEE to (Vcc - 2.2) 
Common Mode Rejection Ratio (Rg < 10 k) 
Power Supply Rejection Ratio (Rg = 100 2) 


Power Supply Current 
Vec = +5.0V, Vee = OV Ta = +25°C 
Vec = +15 V, Veg = -15V, Tp = +25°C 
Vcc = 4+15V, VEE =-15V, Ta = Tlow to Thigh 


NOTES: (continued) 
3. View = —55°C for MC35074, MC35074A Thigh 
= ~40°C for MC33074, MC33074A 
= 0°C for MC34074, MC34074A 


+ 125°C for MC35074, MC35074A 
+ 85°C for MC33074, MC33074A 
+ 70°C for MC34074, MC34074A 


tou Wl 


ae ms SP I ASRS SE ET ST aS SS TS 7 
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MC35074A/34074A/ 
33074A 


z 
s 


Characteristic 


Slew Rate (V;, = -10Vto +10V, Ry = 2.0k,C; = 500 pF) 
Ay +1 
Ay -1 

Settling Time (10 V Step, Ay = -1.0) 


To 0.10% (+ 2 LSB of 9-Bits) 
To 0.01% (+ % LSB of 12-Bits) 


Gain Bandwidth Product (f = 100 kHz) 


pS N= od eed 
eS ee ee WO 


Power Bandwidth 
(Ay = +1.0,R) = 2.0 k, Vo = 20 Vp_p, THD = 5.0%) 


Phase Margin 
Ry = 2.0k 
Ry = 2.0k,C; = 300 pF 


Gain Margin 
Ri = 2.0 k, Cr = 300 pF 


Equivalent Input Noise Voltage 
Rg = 1000, f = 1.0 kHz 


Equivalent Input Noise Current (f = 1.0 kHz) 


Input Capacitance 


Total Harmonic Distortion 
Ay = +10, Ry = 2.0k,2.00< Vo =< 20 Vp_p, f = 10 kHz 


Channel Separation (f = 10 kHz) 


Open-Loop Output Impedance (f = 1.0 MHz) 


TYPICAL PERFORMANCE CURVES 


FIGURE 1—INPUT OFFSET VOLTAGE versus FIGURE 2—INPUT COMMON-MODE VOLTAGE 
TEMPERATURE FOR REPRESENTATIVE UNITS RANGE versus TEMPERATURE 


+1.5Vto +22V 


< 
”n 
It 


< 
QoQ 


Vio. INPUT OFFSET VOLTAGE (mv) 


VicR INPUT COMMON-MODE VOLTAGE RANGE (V) 


-55 ~25 0 +25 +50 +75 +100 +125 —55 -25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) Tp AMBIENT TEMPERATURE (°C) 
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_ MC34074,A, MIC35074,A, MC33074,A 


FIGURE 3—NORMALIZED INPUT BIAS CURRENT FIGURE 4— NORMALIZED INPUT BIAS CURRENT versus 
| versus TEMPERATURE INPUT COMMON-MODE VOLTAGE 
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FIGURE 9—OUTPUT SHORT CIRCUIT CURRENT 
versus TEMPERATURE FIGURE 10—OUTPUT IMPEDANCE versus FREQUENCY 
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_ FIGURE 15—OPEN-LOOP VOLTAGE GAIN AND 
PHASE versus FREQUENCY 
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FIGURE 17—NORMALIZED GAIN BANDWIDTH 
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FIGURE 21—PHASE MARGIN versus TEMPERATURE FIGURE 22—GAIN MARGIN versus TEMPERATURE 
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FIGURE 23—-NORMALIZED SLEW RATE 
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FIGURE 27—-COMMON-MODE REJECTION j FIGURE 28—-POWER SUPPLY REJECTION RATIO 
RATIO versus FREQUENCY versus FREQUENCY 
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FIGURE 30—POWER SUPPLY REJECTION RATIO 


FIGURE 29—SUPPLY CURRENT versus SUPPLY VOLTAGE versus TEMPERATURE 
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APPLICATIONS INFORMATION 
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES OF THE MC34074 FAMILY 


Although the bandwidth, slew rate, and settling time 
of the MC34074 amplifier family is similar to op amp 
products utilizing JFET input devices, these amplifiers 
offer other additional distinct advantages as a result of 
the PNP transistor differential input stage and an all NPN 
transistor output stage. 

Since the input common mode voltage range of this 
input stage includes the Ver potential, single supply 
operation is feasible to as low as 3.0 volts with the com- 
mon mode input voltage at ground potential. 

The input stage also allows differential input voltages 
up to +44 volts, provided the maximum input voltage 
range is not exceeded. Specifically, the input voltages 
must range between Veg and Vcc supply voltages as 
shown by the maximum rating table. In practice, 
although not recommended, the input voltages can 
exceed the Vcc voltage by approximately 3.0 volts and 
decrease below the Ver voltage by 0.3 volts without 
causing product damage, although output phase rever- 
sal may occur. It is also possible to source up to approx- 
imately 5.0 mA of current from Vege through either 
input’s clamping diode without damage or latching, 
although phase reversal may again occur. 

If at least one input is within the common mode input 
voltage range and the other input is within the maxi- 
mum input voltage range, no phase reversal will occur. 
If both inputs exceed the upper common mode input 
voltage limit, the output will be forced to its lowest volt- 
age state. 

Since the input capacitance associated with the small 
geometry input device is substantially lower (0.8 pF) 
than the typical JFET input gate capacitance (3.0 pF), 
better frequency response for a given input source 
resistance can be achieved using the MC34074 ampli- 
fiers. This performance feature becomes evident, for 
example, in fast settling D-to-A current to voltage con- 
version applications where the feedback resistance can 
form an input pole with the input capacitance of the op 
amp. This input pole creates a 2nd order system with the 
single pole op amp and is therefore detrimental to its 
settling time. In this context, lower input capacitance is 
desirable especially for higher values of feedback resist- 
ances (lower current DAC’s). This input pole can be com- 
pensated for by creating a feedback zero with a 
capacitance across the feedback resistance, if necessary, 
to reduce overshoot. For 2.0 kQ of feedback resistance, 
the MC34074 family can typically settle to within 1/2 LSB 
of 8 bits in 1.0 ws, and within 1/2 LSB of 12 bits in 2.2 us 
for a 10 volt step. In a typical inverting unity gain fast 
settling configuration, the typical symmetrical slew rate 
is +13 volts/us. In the classic non-inverting unity gain 
configuration the typical output positive slew rate is + 10 
volts/us, and the corresponding negative slew rate will 
typically exceed the positive slew rate as a function of 
the fall time of the input waveform. 

Since the bipolar input device matching characteris- 
tics are typically superior to that of JFETs, a low 


untrimmed maximum offset voltage of 2.0 mV prime 
and 4.5 mV downgrade can be economically offered 
with high frequency performance characteristics. This 
combination is ideal for low-cost precision, high-speed 
quad op amp applications. 

The all NPN output stage, shown in its basic form on 
the equivalent circuit schematic, offers unique advan- 
tages over the more conventional NPN/PNP transistor 
Class AB output stage. A 10 k®) load resistance can typ- 
ically swing within 1.0 volt of the positive rail (Vcc), and 
within 0.3 volts of the negative rail (VeF), providing a 
28.7 Vp-p swing from +15 volt supplies. This large 
output swing becomes most noticable at lower 
supply voltages. 

The positive swing is limited by the saturation voltage 
of the current source transistor 04, and Vp¢ of the NPN 
pull up transistor Q5, and the voltage drop associated 
with the short circuit resistance, Roc. The negative 
swing is limited by the saturation voltage of the pull- 
down transistor 015, the voltage drop |; Ry, and the volt- 
age drop associated with resistance Roc, where |; is the 
sink load current. For small valued sink currents, the 
above voltage drops are negligible, allowing the nega- 
tive swing voltage to approach within millivolts of 
Ver: For large valued sink currents (>5.0 mA), diode D3 
clamps the voltage across Rj, thus limiting the negative 
swing to the saturation voltage of 015, plus the forward 
diode drop of D3(~Veg + 1.0 V). Thus fora given supply 
voltage, unprecedented peak-to-peak output voltage 
swing is possible as indicated by the output swing 
specifications. 

If the load resistance is referenced to Vcc instead of 
ground for single supply applications, the maximum 
possible output swing can be achieved for a given sup- 
ply voltage. For light load currents, the load resistance 
will pull the output to Vcc during the positive swing and 
the output will pull the load resistance near ground dur- 
ing the negative swing. The load resistance value should 
be much less than that of the feedback resistance to 
maximize pull up capability. 

Because the PNP output emitter-follower transistor 
has been eliminated, the MC34074 family offers a 20 mA 
minimum current sink capability, typically to an output 
voltage of (Ver + 1.8 V). In single supply applications 
the output can directly source or sink base current from 
a common emitter NPN transistor for fast high current 
switching applications. 

In addition, the all NPN transistor output stage is 
inherently fast, contributing to the bipolar amplifier’s 
high gain-bandwidth product and fast settling capabil- 
ity. The associated high frequency low output imped- 
ance (309 typ @ 1.0 MHz) allows capacitive drive 
capability from 0 to 10,000 pF without oscillation in the 
unity closed loop gain configuration. The 60° phase mar- 
gin and 12 dB gain margin as well as the general gain 
and phase characteristics are virtually independent of 
the source/sink output swing conditions. This allows 
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easier system phase compensation, since output swing leads may result in unwanted input-output coupling. In 
will not be a phase consideration. The high frequency order to preserve the relatively low input capacitance 
characteristics of the MC34074 family also allow excel- associated with these amplifiers, resistors connected to 
lent high frequency active filter capability, especially for the inputs should be immediately adjacent to the input 
low voltage single supply applications. pin to minimize additional stray input capacitance. This 
Although the single supply specification is defined at not only minimizes the input pole for optimum fre- 
5.0 volts, these amplifiers are functional to at least 3.0 quency response, but also minimizes extraneous “pick 
volts @ 25°C although slight changes in parametrics up” at this node. Supply decoupling with adequate 
such as bandwidth, slew rate, and dc gain may occur. capacitance immediately adjacent to the supply pin is 
If power to this integrated circuit is applied in reverse also important, particularly over temperature, since 
polarity or if the IC is installed backwards in a socket, many types of decoupling capacitors exhibit great 
large unlimited current surges will occur through the impedance changes over temperature. 
. device that may result in device destruction. The output of any one amplifier is current limited and 
| Special static precautions are not necessary for these thus protected from a direct short to ground. However, 
| bipolar amplifiers since there are no MOS transistors on under such conditions, it is important not to allow the 
the die. device to exceed the maximum junction temperature 
As usual with most high frequency amplifiers, proper rating. Typically for +15 volt supplies, any one output 
lead dress, component placement, and PC board layout can be shorted continuously to ground without exceed- 
should be exercised for optimum frequency perform- ing the maximum temperature rating. 


ance. For example, long unshielded input or output 


TYPICAL SINGLE SUPPLY APPLICATIONS Vcc = 5.0 VOLTS 
FIGURE 33 —- AC COUPLED NONINVERTING AMPLIFIER FIGURE 34 — AC COUPLED INVERTING AMPLIFIER 
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FIGURE 35 — DC COUPLED INVERTING AMPLIFIER 
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FIGURE 43 — AC/DC GROUND CURRENT MONITOR 


MC34074 


Vo 
Ground Current 
Sense Resistor 


R1 
Vo = lLoad Rs (1 a: =) 
For Vo >0.1V 
R2 ) 


BW (-3.0 dB) = GBw (__He 


FIGURE 45 — LOW INPUT VOLTAGE COMPARATOR 
‘WITH HYSTERESIS 


Vo Hysteresis 


. R1 
Vink = RT + R2\“OL~ VRef) + VRef 
R1 
VinH = Ri + R2 (VoH~ Vref) + VRef 


R1 
Vy =RIiGR (VoH- VoL 


FIGURE 47 — HIGH INPUT IMPEDANCE 
DIFFERENTIAL AMPLIFIER 
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FIGURE 44 — PHOTOVOLTAIC CELL AMPLIFIER 
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FIGURE 46 — HIGH COMPLIANCE VOLTAGE TO 
SINK CURRENT CONVERTER 
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FIGURE 48 — BRIDGE CURRENT AMPLIFIER 
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FIGURE 37 — ACTIVE HIGH-O NOTCH FILTER 
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FIGURE 39 — LOW VOLTAGE FAST D/A CONVERTER 
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FIGURE 41 — LED DRIVER 
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FIGURE 38 — ACTIVE BANDPASS FILTER 
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FIGURE 40 — HIGH SPEED LOW VOLTAGE COMPARATOR 
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FIGURE 42 — TRANSISTOR DRIVER 
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FIGURE 49 — LOW VOLTAGE PEAK DETECTOR FIGURE 50 — HIGH FREQUENCY PULSE WIDTH MODULATION 
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GENERAL ADDITIONAL APPLICATIONS INFORMATION Vg = +15 VOLTS 


FIGURE 51 — SECOND ORDER LOW-PASS ACTIVE FILTER FIGURE 52 — SECOND ORDER HIGH-PASS ACTIVE FILTER 
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| FIGURE 53 — FAST SETTLING INVERTER FIGURE 54 — BASIC INVERTING AMPLIFIER 
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FIGURE 55 — BASIC NONINVERTING AMPLIFIER FIGURE 56 — UNITY GAIN BUFFER (Ay = +1) 
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FIGURE 57 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 
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FIGURE 58 — DUAL VOLTAGE DOUBLER 
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Product Preview 


QUAD HIGH SPEED JFET INPUT 
OPERATIONAL AMPLIFIERS 


These devices are a new generation of high-speed JFET input 
monolithic quad operational amplifiers. Innovative design con- 
cepts along with BIFET technology provide wide gain bandwidth 
product, high slew rate and fast settling time characteristics. Well 
matched high voltage JFET input devices ensure very low input 
offset errors and bias currents. The all NPN output stage, char- 
acterized by no deadband crossover distortion and large output 
voltage swing also provides high capacitive drive capability, ex- 
cellent phase and gain margins, low open-loop output impedance, 
and symmetrical source/sink ac frequency response. 

The MC34084,A/MC33084,A/MC35084,A devices are available 
in standard or prime performance (A suffix) grades and specified 
over commercial, Industrial/Vehicular or Military temperature 
ranges. Pin compatible with existing Industry standard BIFET and 
Bipolar Quad operational amplifiers, these devices allow the de- 
signer to easily upgrade the performance of existing designs. 
Applications for these high performance amplifiers include sam- 
ple and holds, fast D/A amplifiers, high-speed integraters, active 
filters and other circuits requiring low bias current, high input 
impedance along with wide bandwidth and high slew rate. 


@ Wide Gain Bandwidth: 10 MHz 

@ High Slew Rate: 40 V/us 

® Fast Settling Time: 700 ns to +0.1% (10 V Step) 
@ Low Input Bias Current: 200 pA Maximum 

@ High Input Impedance: 1012 0 

e 


Input Offset Voltage: MC34084A — 5.0 mV Maximum 
MC34084 — 10 mV Maximum 


@ Large Output Voltage Swing: — 14.7 V to +14 V for Vg = +15V, 
RL = 10k 
@ Low Open Loop Output Impedance: 30 2 @ 1.0 MHz 


@ Low Equivalent Noise: Voltage — 16 nV/VHz 
Current — 0.01 pA/V Hz 


@ Low THD Distortion: 0.01% (Ay = 10, f = 20 kHz, Ry = 10k) 
Excellent Phase/Gain Margins: 55°/10 dB 


ORDERING INFORMATION 


Temperature Range, 


MC35084L, AL —55to +125°C | Ceramic DIP 


MC33084L, AL —40 to +85°C Ceramic DIP 


MC33084P, AP —40 to +85°C Plastic DIP 
MC34084L, AL 0 to +70°C Ceramic DIP 
MC34084P, AP 0 to +70°C Plastic DIP 


This document contains information on a prod uct under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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Product Preview 


QUAD HIGH SPEED DECOMPENSATED (Ayc_ = 2) 
JFET INPUT OPERATIONAL AMPLIFIERS 


These devices are a new generation of high-speed JFET input 
monolithic quad operational amplifiers. Innovative design con- 
cepts along with BIFET technology provide wide gain bandwidth 
product and high slew rate. Well matched high voltage JFET input 
devices ensure very low input offset errors and bias currents. The 
all NPN output stage, characterized by no deadband crossover 
distortion and large output voltage swing also provides high ca- 
pacitive drive capability, low open-loop output impedance, and 
symmetrical source/sink ac frequency response. 

The MC34085,A/MC33085,A/MC35085,A devices are available 
in standard or prime performance (A suffix) grades and specified 
over commercial, Industrial/Vehicular or Military temperature 
ranges. Pin compatible with existing Industry standard BIFET and 
Bipolar Quad operational amplifiers, these high-speed devices 
allow the designer to easily upgrade the performance of existing 
designs where closed Loop Gain is =2. Applications for these 
high performance amplifiers include sample and holds, active 
filters, high-speed inverting amplifiers, and other circuits requir- 
ing low bias current, high input impedance along with wide band- 
width and high slew rate. 


@ Wide Gain Bandwidth: 20 MHz 

® High Slew Rate: 80 V/us 

@ Low Input Bias Current: 200 pA Maximum 
@ High Input Impedance: 1012 0, 
e 


input Offset Voltage: MC34085A — 5.0 mV Maximum 
MC34085 — 10 mV Maximum 


Large Output Voltage Swing: — 14.7 Vto +14 V for V, = +15V, 
Ru = 10k 
© Low Open-Loop Output Impedance: 30 2 @ 1.0 MHz 


@ Low Equivalent Noise: Voltage — 16 nV/V Hz 
Current — 0.01 pA/V Hz 


Low THD Distortion: 0.01% (Ay = 10, f = 20 kHz, Ri = 10 k) 
® Decompensated Version of the MC34084 Series 


ORDERING INFORMATION 


Temperature Range 


MC35085L, AL —55 to +125°C Ceramic DIP 
MC33085L, AL —40 to + 85°C Ceramic DIP 
MC33085P, AP —40 to + 85°C Plastic DIP 

MC34085L, AL 0 to +70°C Ceramic DIP 


MC34085P, AP 0 to +70°C Plastic DIP 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 


MC34085, A 
MC35085, A 
MC33085, A 


QUAD HIGH SPEED 
DECOMPENSATED (Ayc_ = 2) 
JFET INPUT 


OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


PIN CONNECTIONS 


(Top View) 
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VIDEO AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


DIFFERENTIAL TWO-STAGE VIDEO AMPLIFIER 


The SE/NE592 is a monolithic, two-stage, differential output, 
wideband video amplifier. It offers fixed gains of 100 and 400 with- 
out external components and adjustable gains from 400 to 0 with 
one external resistor. The input stage has been designed so that with 
the addition of a few external reactive elements between the gain 
select terminals, the circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit ideal for use as a video 
or pulse amplifier in communications, magnetic memories, display 
and video recorder systems. The 592 is a pin-for-pin replacement for 
the MC1733. 


H SUFFIX 
METAL PACKAGE 
CASE 603-04 
TO-100 


@ 90 MHz Bandwidth 


@ Adjustable Gains From 0 to 400 
G1g Gain Select 


(Top View) 


Pin 5 connected to case 


@ Adjustable Pass Band 


@ No Frequency Compensation Required 


1 
F SUFFIX N SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632-02 CASE 646-05 
CIRCUIT SCHEMATIC MO-001AA 


OO) 
Vcc 


ado | 
| 2.4k 24k 10k _% 
IOpune te A Sela 
aes ae 5 


I <a te] haere 
nput1O O 


G1ao 


Gigo 


G2a0 
(Top View) 


G2p e 
ORDERING INFORMATION 


Te [ES | me 
Range Package 

PNESG2N | oro 70°C | Plastic oP ‘| 
[NES2H | o10705C | Mevsi cen | 
[SESH |-s510 +1256 | Metal Con 
| SES92F | -55t0 +125°C | Ceramic DIP_| 
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MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted) 


Operating Ambient Temperature Range 
SE592 -~55 to +125 
NE592 0 to +70 


Operating Junction Temperature Range 
Metal and Ceramic Packages 
Plastic Package 


Storage Temperature Range 
Metal and Ceramic Packagee -65 to +150 
Plastic Package -55 to +125 


Differential Voltage Gain — Figure 3 
(Ry =2kQ, eoyt = 3 Vp-p) 
(Gain 1, Note 1) 
(Gain 2, Note 2) 
Bandwidth — Figure 3 
(Gain 1, Note 1) 
(Gain 1, Note 2) 
Rise Time — Figure 3 
(Gain 1, egut = 1 Vp-p, Note 1) 
(Gain 2, egyt = 1 Vp-p, Note 2) 
Propagation Delay — Figure 3 
(Gain 1, egyt = 1 Vp-p, Note 1) 
(Gain 2, egyt = 1 Vp-p, Note 2) 
Input Resistance 
(Gain 1, Note 1) 
(Gain 2, Note 2) 
input Capacitance 
(Gain 2, Note 2) 


Input Bias Current (Gain 3, Note 3)— Fig. 2 


Input Noise Voltage (Gain 1 and Gain 2) 
(BW = 1 kHz to 10 MHz) — Figure 1 


Common-Mode Rejection Ratio — Figure 3 
(Gain 2, Vom = £1V, f S100 kHz) 
(Gain 2, Vom = +1 V, f = 5 MHz) 

Supply Voltage Rejection Ratio — Figure 2 
(Gain 2, A Vg = +9.5 V) 

Output Offset Voltage — Figure 2 
(Gain 3, Ry =, Note 3) 

Output Common-Mode Voltage — Figure 2 
(RL = &, Gain 3, Note 3) 


Output Voltage Swing — Figure 3 
(Ri = 2k, Gain 2, Note 2) 


Output Resistance 


Power Supply Current — Figure 2 

(Ry =~, Gain 2, Note 2) 
Note 1. Gain select pins G1, and Gig connected together. 
Note 2. Gain select pins G2~ and G2g connected together. 
Note 3. All gain select pins open. 
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ELECTRICAL CHARACTERISTICS TA = Thigh to Tiow unless otherwise noted.* (Vcc = +6.0 Vdc, VEE = -6.0 Vde, Vem = 9) 


Differential Voltage Gain — Figure 3 
(Rp =2kQ, eoyt = 3 Ve-p) 
(Gain 1, Note 1) 
(Gain 2, Note 2) 


Input Resistance (Gain 2) 
Input Offset Current (Gain 3) — Figure 2 


Input Bias Current (Gain 3) — Figure 2 
Input Voltage Range (Gain 2) — Figure 3 


Common-Mode Rejection Ratio — Figure 3 
(Gain 2, Voy = #1 V, f < 100 kHz) 


Supply Voltage Rejection Ratio — Figure 2 
(Gain 2, A V, = +0.5 V) 


Output Offset Voltage (Gain 3) — Figure 2 
Output Voltage Swing (Gain 2) — Figure 3 
Power Supply Current (Gain 2) — Figure 2 


*Tiow = 0°C for NE592, -55°C for SE592 
Thigh = +70°C for NE592, +125°C for SE592 


GENERAL TEST CIRCUITS 
FIGURE 1 


HP 3400A 
or Equiv. 


Gain 1 
e,, (Differential Noise At Input) = eg V2 


400 


7 Gain 2 
O 6.0 V Battery Gn = CgV2 : 


100 


FIGURE 2 FIGURE 3 
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FIGURE 4 — GAIN 1 versus FREQUENCY FIGURE 5 — GAIN 2 versus FREQUENCY 
25 105 7, 
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FIGURE 6 — OUTPUT VOLTAGE SWING ASA FIGURE 7 — OUTPUT VOLTAGE SWING AS A FUNCTION 
FUNCTION OF FREQUENCY OF LOAD RESISTANCE 
Tm TT 
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: Son : RET 
2 2 
: eT LL LT SE ERHl 
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FIGURE 8 — VOLTAGE GAIN AS A FUNCTION OF 
Raaj RESISTANCE 


\ 
‘ 


DIFFERENTIAL VOLTAGE GAIN (V/V) 


= 1.0 10 100 1k 10k 100k ™ 
Vg=#6.0V Ta=25°C Ragj (OHMS) 
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FIGURE 9 — DISK/TAPE PHASE MODULATED 
READBACK SYSTEMS 


AMPLITUDE: 1-10 mV p-p 
FREQUENCY: 1—4 MHz 


] 
| 
| 
| 
| 
| 
| 
| 
| 
| 


READ HEAD DIFFERENTIATOR/AMPLIFIER ZERO CROSSING DETECTOR 


FIGURE 10 — DIFFERENTIATION WITH HIGH COMMON 
MODE NOISE REJECTION 


+6.0 V 
O 


0.2 uF 


2 k 
= vo 


0.2 uF 


fea 


FOR FREQUENCY f4 <<1/2 7m (32) C 
dy4 
dt 


6.0 V 


Vo = 1.4x 104c 


FIGURE 11 — FILTER NETWORKS 


BASIC CONFIGURATION 
FILTER vg (s) TRANSFER 
Z NETWORK Q 
R L : 1.4 xX 104 1 
OW VV YO rare c 3+ R/U 
R c ; 1.4 x 104 s 
oon oe) igh, Ease a 3+ 17RC 
R L c anes 1.4 X 104 $ 
Ow Lo and Pass C s2+R/Ls+1/LC 
L 


R 
Band Reject 
c 


NOTE: 
In the networks above, the R value used is assumed 
to include 2 rg, or approximately 30 Ohms. 


Vo (s) _ 1.4 x 104 
vq (8) © Z(s) + 2rg 


— 1.4x 104 
Z(s) +32 


1.4 x 104 s2 + 1/LC 
s2 + 1/LC +s/RC 


ok 
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ULTRA-LOW NOISE PRECISION, HIGH SPEED 
OPERATIONAL AMPLIFIERS 


The OP-27 and OP-37 are a series of monolithic operational 
amplifiers which combine low-noise, precision dc performance 
and wide bandwidth all in one device. Advanced Bipolar pro- 
cessing and innovative design techniques have produced the low- 
est noise precision operational amplifier in the industry. These 
devices are trimmed for extremely low initial input offset voltage 
by utilizing a highly stable and reliable zener zap technique during 
factory testing which yields guaranteed Vig¢ limits as tight as 25 
wV. A unique input bias current cancellation scheme maintains 
low lip and lio to typically +20 nA and 15 nA respectively over 


ULTRA-LOW NOISE 
PRECISION, HIGH SPEED 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


J SUFFIX 
METAL PACKAGE (Top View) 
CASE 601-04 ica 


Null 
Offset 


the full military temperature range. Other sources of input errors Null 7) 
are reduced in excess of — 120 dB due to extremely high common- 
mode and power supply rejection ratios. 

Also impressive, are the slew rate and bandwidth of these de- 
vices. The OP-27 has a gain bandwidth product of 8.0 MHz and 
slew rate of 2.8 V/us. While the OP-37 provides a 63 MHz gain 
bandwidth product and 17 V/us slew rate for applications with 
closed loop gains =5. 

The precision, low noise and high speed characteristics of these 
devices make them ideal for amplifying transducer signals, RIAA 
phono, NAB tape head and microphone preamplifiers, wide band 
instrumentation amplifiers and high speed signal conditioning for 
data acquisition systems. 
@ Extremely Low-Noise — 3.0 nV/VHz at 1.0 kHz 1 1 

80 nVp-p, 0.1 Hz to 10 Hz P SUFFIX Z SUFFIX 
@ Low Initial Input Offset Voltage — 10 pV PLASTIC PACKAGE CERAMIC PACKAGE 
@ Ultra Stable Input Offset Voltage — 0.2 wV/mo. ee ee Os EAok Ooeve 
@ Wide Gain Bandwidth Product and High Slew Rate: 
OP-27 — 8.0 MHz, 2.8 V/s (Top View) 
OP-37 — 63 MHz, 17 V/s 

@ High Open-Loop Gain — 1.8 Million | Offset Null 
@ High Common-Mode Rejection — 126 dB Vcc 
@ Replaces OP-05, OP-06, OP-07, AD510, AD517, A725 and Output 

NE5534 N.C. 


ORDERING INFORMATION 
| —______eviee nn) Fomporatire 
Slew Rate Range Package 
21.7 Vins Metal Can 
Ceramic DIP 


OP-27EP OP-27FP OP-27GP 0 to +70°C Plastic Dip 
OP-37AJ OP-37BJ OP-37CJ 55 to +125°C | Metal Can 


OP-37AZ OP-37BZ OP-37CZ 
>11 Vius OP-37EJ OP-37FJ OP-37GJ 25 to +85°C 


OP-37EZ OP-37FZ OP-37GZ 


OP-37EP OP-37FP OP-37GP 0 to +70°C Plastic Dip 
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MAXIMUM BAMNGS: 


Supply Voltage Vcc +22 V 
VEE = 22 


Input Voltage Range (Note 1) VIDR ee 


Differential Input Voltage (Note 2) ae ee 
Differential Input Current (Note 2) ip 
Output Short-Circuit Duration oe 


Power Dissipation and Thermal Characteristics 
Plastic Package (P Suffix) Ta = +36°C 


Derate above Ta = +36°C V/REJIA 


Metal Package (J Suffix) Ta = +80°C | Pp | 


Derate above Ta = +80°C 1/RaJA 


Ceramic Package (Z Suffix) Ta = +75°C | Pp | 


Derate above Ta = +75°C at 


Operating Ambient Temperature 
OP-27 and OP-37 A,B and C Grades 


OP-27 and OP-37 E,F and G Grades (Metal and 
Ceramic Packages) 


OP-27 and OP-37EP, FP and GP Grades (Plastic 
Package) 


Junction Temperature 


Storage Temperature Range 
Ceramic and Metal Packages —65 to +150 
Plastic Package —65 to +125 


NOTES: 
1. For supply voltages less than +22 V, the absolute maximum input voltage range is equal 
to the supply voltage. 
2. The inputs are protected by back-to-back diodes. Current limiting resistors are not used 
in order to achieve low noise. If differential input voltage exceeds +0.7 V, the input current 
must be limited to 25 mA. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = +25°C unless otherwise noted.) 


OP-27A/E/EP OP-27B/F/FP OP-27C/G/GP 
Characteristic mba Semel typ Mes Twin | typ | Max | ie ae a 
Input | Input Offset Voltage | Input Offset Voltage | 25 | — | 20 | 6 | — | 


a a 
tc cL aia (Note 3) 


input ies Curent Noise Voltage 0.1 to 10 Hz 0.08 0.08 0.25 | Vp-p 
(Note 4) 


Input Noise Voltage Density nv/VHz 
fo = 10 Hz 3.5 5.5 3.5 5.5 3.8 8.0 
fo = 30 Hz 3.1 4.5 3:1 4.5 3.3 5.6 
fo = 1000 Hz 3.0 3.8 3.0 3.8 3.2 4.5 
(Note 4) 
; ; pA/V/Hz 
= 10 Hz 1.7 4.0 1.7 4.0 1.7 
fo = 30 Hz 10 | 23 10 | 23 1.0 
fo = 1000 Hz 0.4 0.6 0.4 0.6 0.4 
(Note 4) 


Input Resistance — Differential 
ae = 


enter | [ota ss 


(continued) 
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ELECTRICAL CHARACTERISTICS (continued) 


OP-27A/E/EP | OP-27B/F/FP OP-27C/G/GP 
OP-37A/E/EP OP-37B/F/FP OP-37C/G/GP 


Characteristic Symbol_| Min | Typ | Max | Min | Typ | Max_ ree | 
Common Mode Rejection Ratio CMRR 114 126 106 123 120 
VcomM = +11V 


Vs = +4.0Vto +18 V 
AVOL — V/mV 
1000 | 1800 1000 | 1800 700 | 1500 
800 | 1500 800 | 1500 — 1500 
—_ 700 al 


Large-Signal Voltage Gain 
RL =2kQ, Vo = +10 V 
RL = 1kQ, Vo = +10V 
Rp = 6000, Vo = +1.0V, 

Vs = +4.0V 


Output Voltage Swing 
RL = 2 ko 
RL = 600 © 
Slew Rate, RL 2 2 kQ 


OP-27 
OP-37 


Gain Bandwidth Product 
OP-27 


OP-37 Av = 5.0 
fo = 10 kHz 
fo = 1MHz 


Open Loop Output Resistance 
Vo = 0,Io = 0 


Power Dissipation 
Vo = 0, No Load 


NOTES (continued) 
3. Long term input offset voltage stability for the OP-27 and OP-37 series, refers to the average trend line of ViQ versus time over extended periods 
after the first 30 days of operation. Excluding the first hour of operation, changes in Vig during the first 30 days are typically 2.5 pV. 
4. Sample tested. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VEE = —15V, TA = Tlow to Thigh [Note 5]) 


Sc ras [na 
C= [eas [see | — [aes [eso na 


Common Mode Rejection Ratio CMRR 108 122 100 119 116 

Vom = +10V 

Power Supply Rejection Ratio 
Vg = +45Vto +18V 

Large-Signal Voltage Gain AVOL 
RL =2.0k0, Vo = +10V 

Output Voltage Swing Vo +11.5 | +13.5 
Ri = 2.0\kO. 


3 
NO 
(=) 
oO 
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OP-27, OP-37 
ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = Tiow to thee [Note 5]) | 
_ OP-27E/EP OP-27F/FP OP-27G/GP 
| Min | typ | Max | Min | Typ _ 
ez seo | — | 
+118 


[input votege Renge «|i tO | =in8| — 
oe ee ead 


Characteristic 


10.5 | +11.8 


= 
= 
£ 


I+ 
= 
ron) 
I+ 
x 
oO 


Common Mode Rejection Ratio CMRR 124 102 
VcM = +10V 
700 


a 
Power Supply Rejection Ratio 97 
Vs = +45Vto +18V 
Large-Signal Voltage Gain AVOL 750 
RL = 2.0kQ, Vo = +10V 
Output Voltage Swing Vo +11.7 | +13.6 +11.4/ +13.5 
RL = 2.0 kQ 
NOTES (continued) 
5. Tlow = ~—55°C for OP-27A/OP-37A Thigh = +125°C for OP-27A/OP-37A 
OP-27B/OP-37B OP-27B/OP-37B 


OP-27C/OP-37C OP-27C/OP-37C 
—25°C for OP-27E/OP-37E +85°C for OP-27E/OP-37E 


I+ =;- 
I+ 


It 
I 


OP-27F/OP-37F OP-27F/OP-37F 
OP-27G/OP-37G OP-27G/OP-37G 
= O0°C_ for OP-27EP/OP-37EP = +70°C for OP-27EP/OP-37EP 
OP-27FP/OP-37FP OP-27FP/OP-37FP 
OP-27GP/OP-37GP OP-27GP/OP-37GP 


6. TCViCQ performance is within specifications unnulled or when nulled with a potentiometer Rp = 8 kQ to 20 kN. 


ABBREVIATED CIRCUIT SCHEMATIC 


Non- 
Inverting 
Input (+) 


Inverting 


Input (—) 


*R1 & R2 are trimmed 
at wafer test for minimum 
offset voltage. 
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TYPICAL CHARACTERISTICS 
(Performance curves are for both OP-27 and OP-37 devices unless otherwise noted.) 


FIGURE 1 — 0.1 Hz TO 10 Hz P-P NOISE TESTER 
FREQUENCY RESPONSE 


aul limit low frequency (<0.1 Hz) gain Nt 
Sh kc aw 


f, Sena (Hz) 


yy 


Test Time of 10 sec must be used to 


GAIN (dB) 


FIGURE 3 — INPUT WIDEBAND VOLTAGE NOISE versus 


BANDWIDTH (0.1 Hz TO FREQUENCY INDICATED) 
10 eS 


Ta = +25°C 
Vg = +15V 


tt ee 


om on eS SP 2 Se es ee ee 


VOLTAGE NOISE (Vas) 


100 
BANDWIDTH a 


FIGURE 5 — VOLTAGE NOISE versus TEMPERATURE 


VOLTAGE NOISE (nv/V/Hz) 


Ta, TEMPERATURE (°C) 


VOLTAGE NOISE (nV/V/Hz) 


VOLTAGE NOISE (nV/V/Hz) 


TOTAL NOISE (nV/V/ He) 


: 


FIGURE 2 — VOLTAGE NOISE versus FREQUENCY 
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FIGURE 4 — TOTAL NOISE versus SOURCE RESISTANCE 
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FIGURE 6 — VOLTAGE NOISE versus SUPPLY VOLTAGE 


Voc + |Veg, SUPPLY VOLTAGE (V) 
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FIGURE 8 — SUPPLY CURRENT versus SUPPLY VOLTAGE 


FIGURE 7 — CURRENT NOISE versus FREQUENCY 


a a 


Vcc + |Veg|, TOTAL SUPPLY VOLTAGE (V) 


f, FREQUENCY (Hz) 


FIGURE 10 — INPUT OFFSET CURRENT versus TEMPERATURE 


FIGURE 9 — INPUT BIAS CURRENT versus TEMPERATURE 


(VU) LNSYYND SWIG LNdNI ‘Sl 


Ta, TEMPERATURE 


Ta, TEMPERATURE (°C) 


FIGURE 12 — OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


FIGURE 11 — COMMON MODE INPUT RANGE 
versus SUPPLY VOLTAGE 
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Vcc + |VgE|, TOTAL SUPPLY VOLTAGE (V) 


Vg, SUPPLY VOLTAGE (V) 
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FIGURE 13 — OPEN LOOP VOLTAGE GAIN FIGURE 14 — MAXIMUM OUTPUT SWING 
versus LOAD RESISTANCE versus RESISTIVE LOAD 
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Vo, OUTPUT SWING (V) 
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FIGURE 15 — POWER SUPPLY REJECTION RATIO FIGURE 16 — OP-27 COMMON MODE REJECTION RATIO 
versus FREQUENCY versus FREQUENCY 
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f, FREQUENCY (Hz) 
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FIGURE 17 — OP-37 COMMON MODE REJECTION RATIO FIGURE 18 — OP-27 OPEN LOOP GAIN 
versus FREQUENCY versus FREQUENCY 
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FIGURE 19 — OP-37 OPEN LOOP GAIN FIGURE 20 — OP-27 MAXIMUM UNDISTORTED OUTPUT 
| versus FREQUENCY = - versus FREQUENCY 


Avo, OPEN LOOP GAIN (dB) 
2 
PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


Ty 
ven 


f, FREQUENCY (Hz) f, FREQUENCY (Hz) 


FIGURE 21 — OP-37 MAXIMUM UNDISTORTED OUTPUT 
versus FREQUENCY 
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FIGURE 22 — OP-27 SMALL-SIGNAL TRANSIENT RESPONSE 
28 


24 


20 


16 


PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


4.0 
1 0K 1 10M M ay = ee Vertical: 20 mV/cm 
f, FREQUENCY (Hz) Vs _ #15 V Horizontal: 500 ns/cm 
CL = 12 pF 
Ry = 2% 
FIGURE 23 — OP-37 SMALL-SIGNAL TRANSIENT RESPONSE FIGURE 24 — OP-27 LARGE-SIGNAL TRANSIENT RESPONSE 


+ 50mV— § 


ms 50 mV¥— 


Ay = +5.0 Vertical: 20 mV/cm Vertical: 2.0 Vicm 

Ta = +25°C Ta = + 25°C Horizontal: 2.0 uS/cm 
Vg = +15V Horizontal: 200 ns/cm Vg = +15V Me 

CL = 27 pF Cl = 12 pF 

Ri = 0 Ry = 0 
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FIGURE 25 — OP-37 LARGE-SIGNAL TRANSIENT RESPONSE 


3 


+ 5.0V—§ 


Vertical: 2.0 Vicm 


Ay = +5.0 

Ta = +25°C , . 
Vg = +15V Horizontal: 2.0 uwS/cm 
CL = 27 pF 

RL = 


APPLICATIONS INFORMATION 


The designer is cautioned that stray thermoelectric 
voltages generated by dissimilar metals at the contacts 
to the input terminals can prevent realization of the drift 
performance indicated. Best operation will be obtained 
when both input contacts are maintained at the same 
temperature, preferably close to the temperature of the 
device’s package. 


OFFSET VOLTAGE ADJUSTMENT 


The input offset voltage and drift over temperature 
are permanently trimmed at wafer testing. However, if 
further adjustment of Vio is required, nulling with a 
10 kQ. potentiometer as shown in Figure 26 will not de- 
grade TCVic. Other potentiometer values from 1.0 kO 
to 1.0 MQ can be used with a slight degradation (0.1 to 
0.2 pV/°C) of TCVig. Trimming to a value other than 
zero creates a drift of (VjQ/300) nV/°C, e.g. if Vio is ad- 
justed to 100 pV, the change in TCVjo will be 0.33 pV/ 
°C. The offset voltage adjustment range with a 10 kQ 
potentiometer is + 4.0 mV. If asmaller adjustment range 
is required, the sensitivity and/or resolution of the null- 
ing can be increased by using a smaller pot in con- 
junction with fixed resistors. 


FIGURE 26 — OFFSET NULLING CIRCUIT 


NOISE MEASUREMENTS 


The extremely low noise of these devices can make 
accurate measurement a difficult task. In order to realize 
the 80 nV peak-to-peak noise specification of the op amp 


in the 0.1 Hz to 10 Hz frequency range, the following 
guidelines must be observed: 


(1) The device has to be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 4.0 nV due to its chip temperature 
increasing 14 to 20°C from the moment the power 
supplies are turned on. In the 10 sec measurement 
interval these temperature-induced effects can eas- 
ily exceed tens of nanovolts. 


(2 


~~ 


For similar reasons, the device has to be well 
shielded from air currents to eliminate the possi- 
bility of thermoelectric effects in excess of several 
nanovolts. 


(3) Sudden motion in the vicinity of the device can also 


“feed-through” to increase the observed noise. 


(4) The test time to measure 0.1 Hz to 10 Hz noise 
should not exceed 10 sec. As shown in the noise 
tester frequency response curve (Figure 1) the 0.1 
Hz corner is defined by only one zero. The test time 
of 10 sec acts as an additional zero to eliminate 
noise contributions from the frequency band below 


0.1 Hz. 


— 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10 Hz 
noise-voltage density measurement will correlate well 
with a 0.1 Hz-to-10 Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 


UNITY GAIN BUFFER APPLICATIONS FOR OP-27 


When Rr < 100 2 and the input is driven with a fast, 
large signal pulse (> 1.0 V), the output waveform will 
look as shown in Figure 27. 

During the initial fast input step, the input protection 
diodes effectively short the output to the input and cur- 
rent limit only by the output short circuit protection of 
the signal generator. With Re = 500 2, the output is 
capable of handling the current requirements (I, < 20 
mA at 10 V) and the amplifier stays in its active mode 
and a smooth transition will occur. 

As with all operational amplifiers when Rp > 2.0 kQ, 
a pole will be created with Re and the amplifier’s input 
capacitance (8.0 pF), creating additional phase shift and 
reducing the phase margin. A small capacitor (20 to 50 
pF) in parallel with Re will eliminate this problem. 


FIGURE 27 — PULSED OPERATION 
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Specifications and Applications 
Information 


LOW-NOISE JFET INPUT OPERATIONAL AMPLIFIERS 


These low-noise JFET input operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic inte- 
grated circuit. Each internally compensated operational amplifier 
has well matched high voltage JFET input devices for low input 
offset voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset cur- 
rents, and supply currents. Moreover, the devices exhibit low- 
noise and low harmonic distortion making thern ideal for use in 
high-fidelity audio amplifier applications. 

These devices are available in single, dual and quad operational 
amplifiers which are pin-compatible with the industry standard 
MC1741, MC1458, and the MC3403/LM324 bipolar products. De- 
vices with an “‘M” suffix are specified over the military operating 
temperature range of —55°C to +125°C and those with a “C’’ 
suffix are specified from 0°C to +70°C. 


@ Low Input Noise Voltage — 18 nV/WHz Typ 
@ Low Harmonic Distortion — 0.01% Typ 

@ Low Input Bias and Offset Currents 

@ High Input Impedance — 1012 0 Typ 

® High Slew Rate — 13 V/us Typ 

@ Wide Gain Bandwidth — 4.0 MHz Typ 

@ Low Supply Current — 1.4 mA per Amp 


ORDERING INFORMATION 
Op Amp Temperature 
Function Range Package 
TLO71ACJG, BCJG, CJG 0 to +70°C Ceramic DIP 
TLO71ACP, BCP, CP 0 to +70°C Plastic DIP 
TLO71MJG —55 to +125°C | Ceramic DIP 
TLO72ACJG, BCJG, CJG 0 to + 70°C Ceramic DIP 
TLO72ACP, BCP, CP 0 to +70°C Plastic DIP 
TLO72MJG —55 to +125°C | Ceramic DIP 


TLO74ACJ, BCJ, CJ 0° to +70°C Ceramic DIP 
TLO74ACN, BCN, CN 0° to +70°C Plastic DIP 


TLO74MJ —55 to + 125°C | Ceramic DIP 


MOTOROLA 


LOW-NOISE JFET-INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 
(TLO74 only) 


JG SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


TLO71 
(Top View) 


Inputs B TLO72 
(Top View) 


J SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 
(TLO74 only) 


TLO74 (Top View) 
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TLO71, TLO72, TLO74 


MAXIMUM RATINGS 


ts Continuous 


Power Dissipation 
Plastic Package (N,P) 
Derate above Ta = +47°C 
Ceramic Package (J, JG) 
Derate above Ta = +82°C 


NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that power dissipation 
ratings are not exceeded. 


ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = —15V, Ta = +25° unless otherwise noted). 


Characteristic 


Input Offset Voltage (Rg < 10 k, Vc = 0) 
TLO71, TLO72 
TLO74 
TLO7_A 
TLO7_ B 


Average Temperature Coefficient of Input Offset Voltage 
Rs = 500, Ta = Tow to Thigh (Note 3) 


Input Offset Current (VcM = 0) (Note 4) 
TLO7_ 
TLO7_ A, TLO7_. B 


Input Bias Current (Vcpy = 0) (Note 4) 
TLO7_ 
TLO7_ A, TLO7_. B 


Input Resistance 


Common Mode Input Voltage Range 
TLO7_ 
TLO7_ A, TLO7_ B 


Large-Signal Voltage Gain (Vo = +10 V, R, 2, 2.0 k) 
TLO7_ 
TLO7_. A, TLO7_ B 


Output Voltage Swing (Peak-to-Peak) 
(RL = 10 k) 


Common Mode Rejection Ratio (Rg < 10 k) 
TLO7_ 
TLO7_ A, TLO7_ B 


Supply Voltage Rejection Ratio (Rs < 10 k) 
TLO7_ 
TLO7_ A, TLO7_ B 


Supply Current (Each Amplifier) 
Unity Gain Bandwidth 


Slew Rate (See Figure 1) 
Vin = 10V, Rp = 2.0k, CL = 100 pF 
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TLO71, TLO72, TLO74 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = +25° unless otherwise noted). 


Characteristic 
Rise Time (See Figure 1) 


Overshoot Factor 
Vin = 20 mV, Ry = 2.0 k, CL = 100 pF 


Equivalent Input Noise Voltage nV/VHz | 
Rs = 100 ©, f = 1000 Hz 

Equivalent Input Noise Current pA/V Hz 
Rs = 100 ©, f = 1000 Hz 


Total Harmonic Distortion 
Vo (RMS) = 10 V, Rg < 1.0 k 
Ru = 2.0 k, f = 1000 Hz 


Channel Separation 
Ay = 100 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = Thigh to Tlow [Note 3]). 


Characteristic 


Input Offset Voltage (Rg < 10k, Vom = 0) 
TLO71, TLO72 
TLO74 
TLO7V_A 
TLO7_ B 


Input Offset Current (Vcpy = 0) (Note 4) 
TLO7_ 
TLO7_. A, TLO7_ B 


Input Bias Current (VcM = 0) (Note 4) 
TLO7_ 
TLO7_. A, TLO7_ B 


Large-Signal Voltage Gain (Vo = +10 V, Ry = 2.0 k) 
TLO7_ 
TLO7_ A, TLO7_ B 


Output Voltage Swing (Peak-to-Peak) 


(RL = 10 k) 
(RL = 2.0 k) 
NOTES (Continued): 
3. Tlow = —55°C for TLO71M, TLO72M, TLO74M _ Thigh = + 125°C for TLO71M, TLO72M, TLO74M 
= 0°C for TLO71C, TLO71AC, TLO71BC = +70°C for TLO71C, TLO71AC, TLO71BC 
TLO72C, TLO72AC, TLO72BC TLO72C, TLO72AC, TLO72BC 
TLO74C, TLO74AC, TLO74BC TLO74C, TLO74AC, TLO74BC 


4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in Junction Temperature as shown in Figure 3. To maintain 
Junction Temperature as close to ambient temperatures as possible, pulse techniques must be used during test. 


TEST CIRCUITS 
FIGURE 1 — UNITY GAIN VOLTAGE FOLLOWER FIGURE 2 — INVERTING GAIN OF 10 AMPLIFIER 


Vo i Vo 


C, = 100 pF CL = 100 pF 
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TLO71, TLO72, TLO74 


FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING 
versus TEMPERATURE versus FREQUENCY 
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FIGURE 5 — OUTPUT VOLTAGE SWING FIGURE 6 — OUTPUT VOLTAGE SWING 
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TLO71, TLO72, TLO74 


FIGURE 10 — LARGE-SIGNAL VOLTAGE GAIN 


FIGURE 9 — LARGE-SIGNAL VOLTAGE GAIN AND 


versus TEMPERATURE » 


PHASE SHIFT versus FREQUENCY 
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FIGURE 12 — EQUIVALENT INPUT NOISE VOLTAGE 


FIGURE 11 — NORMALIZED SLEW RATE 


versus FREQUENCY 
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FIGURE 13 — TOTAL HARMONIC DISTORTION 


versus FREQUENCY 


TCO iRGE 
nC 


+ 15 Vde 


(%) NOLLYOLSIG DINOWYVH TVLOL ‘GHL 


100 


50 


10 


5.0 


1.0 


0.5 


0.1 


f, FREQUENCY (kHz) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-240 


TLO71, TLO72, TLO74 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(Each Amplifier) 


Output 


o VCC 


Offset 
Null 
(TLO71 
only) oV 
Bias Circuitry EE 
Common to All! 


Amplifiers 
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TLO71, TLO72, TLO74 


FIGURE 14 — AUDIO TONE CONTROL AMPLIFIER 
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(AA) MOTOROLA 


Specifications and Applications 
Information 


JFET INPUT OPERATIONAL AMPLIFIERS 


These low-cost JFET input operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic inte- 
grated circuit. Each internally compensated operational amplifier 
has well matched high voltage JFET input devices for low input 
offset voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset cur- 
rents, and supply currents. 

These devices are available in single, dual and quad operational 
amplifiers which are pin-compatible with the industry standard 
MC1741, MC1458, and the MC3403/LM324 bipolar products. De- 
vices with an “’M” suffix are specified over the military operating 
temperature range of —55°C to +125°C and those with a “’C” 
suffix are specified from O°C to + 70°C. 


@ Input Offset Voltage Options of 3.0, 6.0, and 15 mV Max 
@ Low Input Bias Current — 30 pA 

Low Input Offset Current — 5.0 pA 

Wide Gain Bandwidth — 3.0 MHz 

High Slew Rate — 13 V/ys 

Low Supply Current — 1.4 mA per Amplifier 

High Input Impedance — 1012 o 

Industry Standard Pinouts 


ORDERING INFORMATION 
Temperature 

Range Package 
TLO81ACJG, BCJG, CJG 0 to +70°C Ceramic DIP 
TLO81ACP, BCP, CP 0 to +70°C Plastic DIP 
TLO81MJG —55 to +125°C | Ceramic DIP 
TLO82ACJG, BCJG, CJG 0 to +70°C Ceramic DIP 
TLO82ACP, BCP, CP 0 to + 70°C Plastic DIP 
TLO82MJG —55 to +125°C | Ceramic DIP 


TLO84ACJ, BCJ, CJ 0 to +70°C Ceramic DIP 
TLO84ACN, BCN, CN 0 to +70°C Plastic DIP 
TLO84MJ —55 to +125°C | Ceramic DIP 


JFET-INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


e 
8 
1 1 
P SUFFIX JG SUFFIX 


PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626-04 CASE 693-02 


TLO81 
Offset Null © re) NC (Top View) 
Inv+ Input 0 r} Vcc 


Noninvt Input a Output 


Vee 4 ] Offset Null 


inputs B TLOS2 
(Top View) 
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N SUFFIX , J SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 646-05 CASE 632-02 
(TLO84 only) MO-001AA 

(TLO84 only) 
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TLO81, TLO82, TLO84 


MAXIMUM RATINGS 


Power Dissipation 
Plastic Package (N,P) 
Derate above Ta = +47°C 
Ceramic Package (J,JG) 
Derate above Ta = +82°C 10 


Operating Ambient Temperature Range Tae —55 to +125 
Storage Temperature Range —65 to +150 | —65to +150 


NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that power 
dissipation ratings are not exceeded. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = +25°C unless otherwise noted). 


TLO8__C 
TLO8__AC 
TLO8__BC 


Characteristic 


Input Offset Voltage (Rs < 10 k, VcmM = 0) 
TLO81, TLO82 
TLO84 — 
TLO8__A 
TLO8__B 


Average Temperature Coefficient of Input Offset Voltage 
Rs = 500, Ta = Tigw to Thigh (Note 3) 


Input Offset Current (Vcj = 0) (Note 4) 
TLO8__ 
TLO8__A, TLO8___B 


Input Bias Current (VcjM = 0) (Note 4) 
TLO8__ 
TLO8__.A, TLO8__B 


Input Resistance 


Common Mode Input Voltage Range 
TLO8__ 
TLO8__A, TLO8___B 
Large-Signal Voltage Gain (Vo = +10 V, RL=2.0 k) 
TLO8__ 
TLO8__A, TLO8__B 


Output Voltage Swing (Peak-to-Peak) 
Ru = 10k 


Common Mode Rejection Ratio (Rg<10 k) 
TLO8__ 
TLO8__A, TLO8__B 


Supply Voltage Rejection Ratio (Rg<10 k) 
TLO8__ 
TLO8__A, TLO8___B 


Supply Current (Each Amplifier) 


Unity Gain Bandwidth | ew o|— | ae |-|—-]{ 40 | ~| Mi | 
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TLO81, TLO82, TLO84 


ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = —15V, Ta = +25°C unless otherwise noted). 


TLO8___C 
TLO8__AC 
TLO8___BC 


Characteristic 


Slew Rate (See Figure 1) 
Vin = 10 V, RL = 2.0k, CL = 100 pF 


Rise Time (See Figure 1) 


Overshoot Factor 
Vin = 20 mV, RL = 2.0 k, CL = 100 pF 


ae a Input Noise Voltage 25 nV/V Hz 
= 100 9, f = 1000 Hz 
a Separation 
Ay = 100 


ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = —15V, Ta = Tiow to Thigh [Note 3].) 


TLO8__AC 
TLO8___BC 


Characteristic 


Input Offset Voltage (Rs <10 k, Ven = 0) 
TLO81, TLO82 
TLO84 
TLO8__A 
TLO8__B 


Input Offset Current (Vcjy = 0) (Note 4) 
TLO8__ 
TLO8__A, TLO8__B 


Input Bias Current (VcM = 0) (Note 4) 


TLO8__ 

TLO8__A, TLO8___B 
Large-Signal Voltage Gain (Vo = +10 V, RL =2.0 k) 

TLO8__ 

TLO8__A, TLO8___B 


Output Voltage Swing (Peak-to-Peak) 


(Ry =10 k) 
(Ry =2.0 k) 
NOTES (continued): 
3. Tlow = —55°C for TLO81M, TLO82M, TLO84M Thigh = + 125°C for TLO81M, TLO82M, TLO84M 
= 0°C for TLO81C, TLO81AC, TLO81BC = +70°C for TLO81C, TLO81AC, TLO81BC 
TLO82C, TLO82AC, TLO82BC TLO82C, TLO82AC, TLO82BC 
TLO84C, TLO84AC, TLO84BC TLO84C, TLO84AC, TLO84BC 


4. Input Bias currents of JFET input Op Amps approximately double for every 10°C rise in junction temperature as shown in Figure 3. To 
maintain junction temperature as close to ambient temperature as possible, pulse techniques must be used during test. 


TEST CIRCUITS 
FIGURE 1 — UNITY GAIN VOLTAGE FIGURE 2 — INVERTING GAIN OF 10 
FOLLOWER AMPLIFIER 
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TLO81, TLO82, TLO84 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


Vg, OUTPUT VOLTAGE SWING (Vp-p) 


FIGURE 3 — INPUT BIAS CURRENT 
versus TEMPERATURE 


Ts, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 7 — OUTPUT VOLTAGE SWING 
versus TEMPERATURE 
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FIGURE 6 — OUTPUT VOLTAGE SWING 
versus SUPPLY VOLTAGE 
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FIGURE 8 — SUPPLY CURRENT PER AMPLIFIER 
versus TEMPERATURE 
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TLO81, TLO82, TLO84 


FIGURE 10 — LARGE-SIGNAL VOLTAGE GAIN 


FIGURE 9 — LARGE-SIGNAL VOLTAGE GAIN AND 


versus TEMPERATURE 
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FIGURE 12 — EQUIVALENT INPUT NOISE VOLTAGE 


FIGURE 11 — NORMALIZED SLEW RATE 


versus FREQUENCY 
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TLO81, TLO82, TLO84 


REPRESENTATIVE CIRCUIT SCHEMATIC 


(Each Amplifier) 
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TYPICAL APPLICATIONS 


FIGURE 14 — OUTPUT CURRENT TO VOLTAGE TRANSFORMATION 
FOR A D-TO-A CONVERTER 


Settling time to within % LSB (+ 19.5 mV) is approximately 
4.0 us from the time all bits are switched. 


*The value of C may be selected to minimize overshoot 
and ringing (C ~ 68 pF). 
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Serj 
eries Vo = Mest (Ro) [At A2 A3_A4_A5 AGB AT as 


+4 +e +46" 32" 6a * 128 * 256 
Adjust Vref, R1 or Ro so that Vo with all digital inputs at 
high level is equal to 9.961 volts. 


Vref = 2.0 Vdc 


Ry = R2~ 1.0 kN, 
Ro = 5.0 kO 


strt+stot 


LE aL gear ee Lee re 
2°4'8 16 32 64 128 256 


eee 
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TLO81, TLO82, TLO84 


FIGURE 15 — POSITIVE PEAK DETECTOR 


pis 0 *Polycarbonate or 
Polystyrene Capacitor 


FIGURE 17 — ISOLATING LARGE CAPACITIVE LOADS 
R2 5.1k 


FIGURE 16 — LONG INTERVAL RC TIMER 


R1 V1 R3 TLOS1 


+2.0V 
Run 0 
—2.0 V 
R5 *Polycarbonate or 
=e Polystyrene Capacitor @ Overshoot < 10% 
~ @ ts = 10 us 


e@ When driving large Ci, the Voyt slew rate is determined by CL 


Time (t) = R4 Cén (Vp/VR — V4), Rg = Rg, Rp = 0.1 RE 
If R1 = R2: t = 0.693 RAC and lout(max): 

Design Example: 100 Second Timer AV , 0.02 

VR = 10V = 1.0 uF R3 = R4 = 144M aout _ out ~ —"“ wis = 0.04 V/us (with C) shown) 

R6 = 20k R5 = 2.0k R1 = R2 = 1.0k At GL. 05." i : 


FIGURE 18 — VOLTAGE CONTROLLED CURRENT SOURCE 


R4 


V; 
If R1 through R4 >> R65 then loyt = ne, 


eens een tn xt i i ts RP A SA SS 
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Device 


LM109 
LM117 
LM117L 
LM117M 
LM123,A 
LM137 
LM137M 
LM140,A 
LM150 
LM209 
LM217 
LM217L 
LM217M 
LM223,A 
LM237 
LM237M 
LM250 
LM309 
LM317 
LM317L 
LM317M 
LM323,A 
LM337 
LM337M 
LM340,A 
LM350 
MC1463 
MC1466L 
MC 1468 
MC1469 : 
MC1563 
MC1566L 
MC1568 
MC 1569 
MC1723,C 
MC3324,A 
MC3420 
MC3423 
MC3424,A 
MC3425,A 
MC3520 
MC3523 
MC3524,A 
MC3525,A 


MC7800 Series 
MC78LO00C,AC Series 
MC78MOOBC Series 
MC78T00 Series 
MC7900C Series 
MC79L00C,AC Series 
MC79M00 Series 


MC33063 
MC34060 


MC34061,A 


POWER SUPPLY 


Function Page 
Positive Voltage Regulator ou... cccccsccscsssssccscsevsscncecsnseaescssuscessseseseneseneeneees 4-4 
3-Terminal Adjustable Positive Voltage Regulator ...........cccccccsscssssssesesersreeees 4-9 
Low-Current 3-Terminal Adjustable Positive Voltage Regulator ..............00. 4-17 
Medium-Current 3-Terminal Adjustable Positive Voltage Regulator ................ 4-25 
3-Ampere, 5 Volt Positive Voltage Regulator .............cccccssscccssscessecseneeeeeseseees 4-33 
3-Terminal Adjustable Negative Voltage Regulator ...........cccciccssesssssseseseeneess 4-39 
Medium-Current 3-Terminal Adjustable Negative Voltage Regulator .............. 4-46 
Three-Terminal Positive Fixed Voltage Regulators ............cccccsccssesessseseesereee 4-53 
3-Terminal Adjustable Positive Voltage Regulator ............ccccccssscesssessstreeesseees 4-69 
Positive Voltage Regulator .........cccccsscccsssseeseesseseecesseeecceceseeeuecesneeeereneeeessns 4-4 
3-Terminal Adjustable Positive Voltage Regulator .........cccccessesseseeeesseeeees 4-9 
Low-Current 3-Terminal Adjustable Positive Voltage Regulator ........cc, 4-17 
Medium-Current 3-Terminal Adjustable Positive Voltage Regulator ...........0... 4-25 
3-Ampere, 5 Volt Positive Voltage Regulator ............cccccccsssccsssseecsessneeeesesseees 4-33 
3-Terminal Adjustable Negative Voltage Regulator oo... csesscsssecessneeeees 4-39 
Medium-Current 3-Terminal Adjustable Negative Voltage Regulator .............. 4-46 
3-Terminal Adjustable Positive Voltage Regulator .............cccccccessesessesessreees 4-69 
Positive Voltage Regulator ...........:cccscccssscsssosscsesssecssescnsasanncsosseacesssnsensseoeeeases 4-4 
3-Terminal Adjustable Positive Voltage Regulator ..........cccccccsssssssssseeeesereeees 4-9 
Low-Current 3-Terminal Adjustable Positive Voltage Regulator ................0.. 4-17 
Medium-Current 3-Terminal Adjustable Positive Voltage Regulator ..........0.... 4-25 
3-Ampere, 5 Volt Positive Voltage Regulator ............cccccccessscsessssseesssseesseneens 4-33 
3-Terminal Adjustable Negative Voltage Regulator .........ccccccccscessssseeeeeesneees 4-39 
Medium-Current 3-Terminal Adjustable Negative Voltage Regulator .............. 4-46 
Three-Terminal Positive Fixed Voltage Regulators ............cccccscsssesssssseesneees 4-53 
3-Terminal Adjustable Positive Voltage Regulator ............cccccecssssessseesserseeeeee 4-69 
Adjustable Negative Voltage Regulator ..............ccecccccccsssseceesssescssssesecsnesesneneens 4-77 
Voltage and Current Regulator ............cccccsssecssssccesseeseesseesessseesesseeeseseuseesaness 4-93 
Dual + 15-Volt Tracking Regulator ............c:cccssccsssseesseeeeesseecsssevesssssssssscssnseeates 4-103 
Adjustable Positive Voltage Regulator .............ccccccssssssseeeeeeesessssssseeeeeesesseesense 4-109 
Adjustable Negative Voltage Regulator ...........cccccccssecccsssseccesseeeeessseesessseseneess 4-77 
Voltage and Current Regulator ..........cccceccsssssscccessesssssseceeeceesessaaeeeeeesesersueeneess 4-93 
Dual +15-Volt Tracking REQuiator ..............cccsceccssccesssseceessseesesseeeseseeessssueeneaes 4-103 
Adjustable Positive Voltage Regulator ...........cccccccssscecccecssseeeeeeesssesersssneveseenes 4-109 
Adjustable Positive or Negative Voltage Regulator ............cccccssesessecsssereereres 4-128 
Power Supply Supervisory Circuit/Dual-Voltage Comparator ............cccceeeeee 4-160 
Switchmode Regulator Control Circuit ............ccecssseecsssseeeesssseeceseeeceeseneesseenenes 4-134 
Overvoltage Sensing Circuit ............cseccssscsessecccsssssecessonseessseserseenseusuunsansueaeeses 4-153 
Power Supply Supervisory Circuit/Dual-Voltage Comparator ...........ccccceee 4-160 
Power Supply Supervisory/Over-Under-Voltage Protection Circuit .............. 4-176 
Switchmode Regulator Control Circuit ............cccscccsscccssssecessseeeseeeeseesseeresenenss 4-134 
Overvoltage Sensing Circuit ........... cc ccecccsccsssseessseecsecesssseeesseeeesereesseeessuseseenenes 4-153 
Power Supply Supervisory/Over-Under-Voltage Protection Circuit ................ 4-160 
Power Supply Supervisory/Over-Under-Voltage Protection Circuit ...........00... 4-176 
3-Terminal Positive Voltage Regulators ...........cccccccsscccessssseesesteeesesseeseeseeeenenes 4-186 
Positive Voltage Regulators ........cccececsscccssscccessssseseeeessssseeeeeeseensesesseeeasesessusenes 4-198 
Positive Voltage Regulator ...........ccceessccsssssecssssseeeesesssesesssssenseususcceesesesseneuss 4-204 
Three-Ampere Positive Voltage Regulators ...........:ccccsscccsssecsssseesssecesseecseteesnees 4-212 
Three-Terminal Negative Fixed Voltage Regulators ............ccccssessesssseeesseeees 4-225 
Three-Terminal Negative Fixed Voltage Regulators 0.0.0... ce eeeeseeesseeeeesteens 4-234 
Three-Terminal Negative Fixed Voltage Regulators ............ccceccssessseetessseeees 4-240 
DC to DC Converter Control Circuits 0.0... ccccessceeeceessseeeeeessseeeseessrenevenseues 4-273 
Switchmode Pulse Width Modulation Control CircuitS .............cccceesesseeeseeees 4-243 
Three-Terminal Programmable Overvoltage Sensing Circuit .............c.ccsee 4-255 
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Device 


MC34062 
MC34063 
MC35060 


MC35061,A 


MC35062 
MC35063 
SG1525A 
SG1526 

SG1527A 
SG2525A 
SG2526 

SG2527A 
SG3525A 
SG3526 

SG3527A 
TCA5600 
TCF5600 
TDA4600 


TL431 Series 


TL494 
TL495 
TL780 
uA78S40 


Function Page 

Pin-Programmable Overvoltage Sensing Circuit ...........cceesseesseeseeeesseees 4-262 
DG to: DG ‘Converter Control: CIRCUS: \xisi.05. sect eneedendactiiseaneeadesteccesasssseeeenste genes 4-273 
Switchmode Pulse Width Modulation Control Circuits ............ eects 4-243 
Three-Terminal Programmable Overvoltage Sensing Circuit ......... ce eeeeeeee 4-255 
Pin-Programmable Overvoltage Sensing Circuit ...........cceeseeeeesteeesenteeeeesseeees 4-262 
DC to: DC Converter Control Circuits. nhci cc teassectoeccetitencivenlnarincseet neon: 4-273 
Pulse Width Modulator Control CircuitS .........ccccccceeeeeeseeeeeeeeeeereeeeeeeeeneaeeeeeeenenes 4-279 
Pulse Width Modulation Control Circuits .............ccccccceseeeeeeeeeeeeeeneeeaeeeeeeeneaneneees 4-286 
Pulse Width Modulator Control CirCuitS oo... ccccccccceceeeeeeeeeeeeteeeeeeeeeeeeeeneeeeees 4-279 
Pulse Width Modulator Control CirCuitS ........ccccccecccceccceceeeeeeneeeteeeeeeeeeeeeeeeeeeas 4-279 
Pulse Width Modulation Control CircuitS .............::cccceeeeeeeeeeeeeeeeeeeeeneeeeeeeeeeeneeees 4-286 
Pulse Width Modulator Control Circuits ..........:: ccc ceseseseeeeeeeeeeceeeeeeeeeaeeeeeeeeaeeeeees 4-279 
Pulse Width Modulator Control Circuits 2.0.0... eee dz den aadavilssauatecguaaadnieiexe 4-279 
Pulse Width Modulation Control CircuitS 2.0.0... ccceecccseceeeeeeenereeeeeseeeeeeeeeeeeenens 4-286 
Pulse Width Modulator Control Circuits .............ccccssseeeceeeteeeeeeeseaeeeeeaeeeneeeenenenes 4-279 
Universal Microprocessor Power Supply Controller oo... cceeeeeeeseseseeeereens 4-294 
Universal Microprocessor Power Supply Controller ........ccccccesesesessssseneeeeeeeres 4-294 
Flyback Converter Regulator Control Circuit 00... cece cesseeseeesereeeeereeeeeeaees 4-305 
Programmable Precision References ...........ccccceeeeseeeeesseeesseeseeeereessnienenerens 4-311 
Switchmode Pulse Width Modulation Control Circuits .......... ce ceeeeetereeteenneees 4-319 
Switchmode Pulse Width Modulation Control CircuitS ............ ce eeeeeeeeeeeee eee 4-319 
Three-Terminal Positive Voltage REQulators 0.0... ees eseeeeeeeeeneeteeneeeenees 4-330 
Universal Switching Regulator SUDSYSteEM ...........ceceecseeeeeseesteeeeeeeseeneneeeeeees 4-336 
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MONOLITHIC POSITIVE THREE - TERMINAL 
FIXED VOLTAGE REGULATOR 


POSITIVE 
VOLTAGE REGULATOR 


A versatile positive fixed +5.0-volt regulator designed for easy 
application as on on-card, local voltage regulator for digital logic 
systems. Current limiting and thermal shutdown are provided to 
make the units extremely rugged. 

In most applications only one external component, a capacitor, 


is required in conjunction with the LM109 Series devices. Even 
this component may be omitted if the power-supply filter is not lo- 
cated an appreciable distance from the regulator. 


Q © 
Input Output 
K SUFFIX 
METAL PACKAGE __ (Bottom\Ground 
CASE 1-03 
TO-204AA 
(TO-3) 


e High Maximum Output Current — Over 1.0 Ampere in TO-3 type 
Package — Over 200 mA in TO-39 type Package. 


Minimum External Components Required 
Internal Short-Circuit Protection 


Internal Thermal Overload Protection 
Ground 


Excellent Line and Load Transient Rejection (Bottom View) 


H SUFFIX 
METAL PACKAGE 
CASE 79-02 
TO-205AD 
(TO 39) 


Designed for Use with Popular MDTL and MTTL Logic 


ORDERING INFORMATION 


CIRCUIT SCHEMATIC 


TYPICAL APPLICATION 


FIXED 5.0 V REGULATOR 


5V 
Output 


Ground 


*Required if regulator is located an appreciable 
distance from power supply filter. 

Although no output capacitor is needed for 
stability, it does improve transient response. 
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Pp, POWER DISSIPATION (W) 


LM109, LM209, LM309 


MAXIMUM RATINGS 


-55 to +150 
0 to +125 


Junction Temperature Range Ty 
LM109 
Storage Temperature Range -65 to +150 
Lead Temperature 
(soldering, t = 60 s) 


LM209 
ELECTRICAL CHARACTERISTICS 


LM309 
Characteristic 


Output Voltage (Ty ~ +25°C) i ee 
Input Regulation (Ty - +25°C) Regline 
7.0<Vin <25V 


Load Regulation (Ty +25°C) Regioad 
Case 11-01 (type TO-3)5.0mMA< Ig < 1.5A 
Case 79-02 (TO-39) 5.0 mA < !9 <O05A 
Output Voltage Range 
70VSV\,S525 V 
5.0 MA S10 S Imax, P- <Pmax i” 
Quiescent Current (7.0 V < Vip < 25 V) 
Quiescent Current Change (7.0 V < Vin < 25 V) ca 
5.0mA < 'Q9 S<Imyax 


Output Noise Voltage (Ta » +25°C) 
10 Hz Sf < 100 kHz 


-55 to +150 


ae 

oe : 3g 
Ny oO 
oOo Oo 


oO 
on 
N 


; E 


us 
ee) 


Long Term Stability 


: rae is 
o N 


Thermal Resistance, Junction to Case @) eJC 
Case 1 (type TO-3) 3.0 
Case 79-02 (TO-39) 15 
NOTES: 
@) Unless otherwise specified, these specifications apply for -55°C ST <+150° (-25°C KT Ty <+150°C for the LM209). For Case 79-02 
(TO 39) Vin = 10Vi1Q = 0.1 Aj lax = 0.2 A and Pray = 2.0W.: For Case 1 (type TO-3) Vj, = 10 V, 19 ¥ 0.5 A, Imax = 1.0 A and 


Prax = 20 W. 


@) Unless otherwise specified, these specifications apply for O° <Ty < +125°, Vin = 10V. For Case 79 02 (TO-39) log = O.1A, Imax = 0.2A 
and, Prax = 2.0W. For Case 1 (type TO-3) 19 = 0.5A,, Imax = 1.0 A and Pray = 20 W. 


@) Without a heat sink, the thermal resistance of the Case 79 02 (TO-39)' package is about | 150°C/W, while that of the Case 1 (type TO3) 
package ts aoproximately 35°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on 
the efficiency of the heat sink. 


TYPICAL CHARACTERISTICS 
(Vin =10V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — MAXIMUM AVERAGE POWER DISSIPATION FIGURE 2 — MAXIMUM AVERAGE POWER DISSIPATION 
(LM109K, LM209K) (LM109H, LM209H) 
100 
WAKE FIELD 
50 HEAT SINK 
680-75 or EQUIV 
a ae = 
INFINITE 
10 toe aes S T HEAT SINK 
ERENT GARE... | come 
50 —_—_ < WAKE FIELD 
ae ae = HEAT SINK 
wn 
— 2 207 OR EQUIV 
NO HEAT iD 
10 SINK = 
= = 
0.5 eee ea o 
=a aes 
oe See 
ae ee) ee 
a ee am aed i 
25 50 75 100 125 150 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (0C) 
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LM109, LM209, LM309 


TYPICAL CHARACTERISTICS (continued) 


(Vin = 10 V, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — MAXIMUM AVERAGE POWER DISSIPATION 


FIGURE 3 — MAXIMUM AVERAGE POWER DISSIPATION 


(LM309K) 


ALL | 
at ML | 
AAT ALLY 
NT a 
WA UL 


(M) NOILWdISSIG H3MOd ‘Og 


NO HEAT 
SINK 
ees 
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= 
OVS 
= 

ma 
woe 
Wate 
ww tin 
re 
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foo) 
ide) 


(M) NOILWdISSIG YAMOd ‘Gg 


75 100 1256 150 
Ta, AMBIENT TEMPERATURE (°C) 


50 


25 


75 100 125 150 
Ta , AMBIENT TEMPERATURE (°C) 


50 


25 


FIGURE 6 — PEAK OUTPUT CURRENT (K PACKAGE) 


FIGURE 5 - OUTPUT IMPEDANCE versus FREQUENCY 


+1259C 
Ta = +1509C 


<< 
—_ 


° 2 S 
~* ™N 


(¥) LNJHYND LNdLNO ‘01 


INU 


AL 
EIN 
OCCA NATE 
CECT EANTETT 


+ 
So 
_ _ _- re 


(25) JONWO3dWI LNdLNO | 9% 


5.0 


1.0 k 10k 100 k 1.0M - 
f, FREQUENCY (Hz) 


100 


10 


Vin, INPUT VOLTAGE (V) 


FIGURE 8 — RIPPLE REJECTION 


FIGURE 7 — PEAK OUTPUT CURRENT (H PACKAGE) 


200 mA 


(9P) NOILISAY J Tddly 


+1259C 


(¥) LNAYHND LNdLno ‘91 


1.0M 


100 k 


1.0k 
f, FREQUENCY (Hz) 


100 


10 


10k 


Vin, INPUT VOLTAGE (V) 
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LIVi109, LM209, LM309 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 — DROPOUT CHARACTERISTIC 
FIGURE 9 — DROPOUT VOLTAGE (K PACKAGE) 


6.0 


= 

< S55 

2 os 
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ue tine S 50 
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_ a 
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ri O45 Ta = +125°C 
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a 
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4.0 
+75 +100 +125 9.0 9.0 
Ty, JUNCTION TEMPERATURE (°C) i INPUT Sacinee (V) 
FIGURE 11 — OUTPUT VOLTAGE FIGURE 12 — OUTPUT NOISE VOLTAGE 


a ey. BRERA 
ny ABE eEe 


{cane BISIEEL 


Vo, OUTPUT VOLTAGE (V) 


0.01 
+50 «+75 = +100 «=©+125 = +150 +175 10 1.0k 10 k 
Tj, JUNCTION TEMPERATURE (°C) oe heats 
FIGURE 13 — QUIESCENT CURRENT FIGURE 14 — QUIESCENT CURRENT 
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LM109, LM209, LM309 


FIGURE 15 — ADJUSTABLE OUTPUT REGULATOR 


INPUT OUTPUT 


FIGURE 17 — 5.0-VOLT, 3.0-AMPERE REGULATOR 
(with plastic boost transistor) 


12 
5w MJE370 OR EQUIV 


FIGURE 19 — 5.0-VOLT, 10-AMPERE REGULATOR 


MJ2955 OR EQUIV 


1 


TYPICAL APPLICATIONS 


FIGURE 16 — CURRENT REGULATOR 


INPUT 


0.22 uF AT 


*DETERMINES OUTPUT CURRENT. 


FIGURE 18 — 5.0 VOLT, 4.0-AMPERE TRANSISTOR 
(with plastic Darlington boost transistor) 


MJE1090 OR EQUIV 
{ 
I 
C) 
0-4.0A 
% W Aye 
C) 
O LM109H O 2 


FIGURE 20 — 5.0-VOLT, 10-AMPERE REGULATOR 
(with Short-Circuit Current Limiting for 
Safe-Area Protection of pass transistors) 


10 V 


0.1,5W 


10 Vimin) 


2N6049 
OR EQUIV 
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Specifications and Applications 
Information 


3-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 


The LM117/217/317 are adjustable 3-terminal positive voltage 
regulators capable of supplying in excess of 1.5 A over an output 
voltage range of 1.2 V to 37 V. These voltage regulators are ex- 
ceptionally easy to use and require only two external resistors to 
set the output voltage. Further, they employ internal current lim- 
iting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LM117 series serve a wide variety of applications including 
local, on card regulation. This device can also be used to make 
a programmable output regulator, or by connecting a fixed resis- 
tor between the adjustment and output, the LM117 series can be 
used as a precision current regulator. 


@ Output Current in Excess of 1.5 Ampere in TO-3 and TO-220 
Packages 

Output Current in Excess of 0.5 Ampere in TO-39 Package 
Output Adjustable between 1.2 V and 37 V 

Internal Thermal Overload Protection 

Internal Short-Circuit Current Limiting Constant with Temperature 
Output Transistor Safe-Area Compensation 

Floating Operation for High Voltage Applications 

Standard 3-lead Transistor Packages 

Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


* = Ci, is required if regulator is located an appreciable distance from power 
supply filter. 
** = C, is not needed for stability, however it does improve transient 
response. 


R2 
Vout = 1.25V (14+ a + lAdj Ro 
1 


Since Adj is controlled to less than 100 WA, the error associated with this 
term is negligible in most applications 


3-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 
TO-204AA 
(TO-3) 


(Bottom View) 
Case is output 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A-02 
TO-220AB 
LM317 only 


Pin 1 Adjust 
Pin 2 Vauk 
Pin3 

i Vin 


Heatsink surface connected 
to Pin 2 


H SUFFIX 


METAL PACKAGE 
CASE 79-02 1 3 
TO-205AD 


(TO-39) (Bottom View) 


(Case is output) 


Pin 1 Mae 


Pin 2 Adjust 
Pin 3 Vout 


ORDERING INFORMATION 


Temperature Range 


LM117H | Ty =-55°C to +150°C | Metal Can 
LM117K | Ty =-55°C to +150°C | Metal Power 
LM217H | Ty =-25°C to +150°C | Metal Can 
LM217K | Ty =-25°C to +150°C | Metal Power 
LM317H | Ty =0°C to +125°C Metal Can 


Metal Power 
Plastic Power 


Ty = 0°C to +125°C 
Ty = 0°C to +125°C 


LM317K 
LM317T 
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LM117, LM217, LM317 


MAXIMUM RATINGS 


Input-Output Voltage Differential 


Operating Junction Temperature Range 
LM117 
LM217 
LM317 


Storage Temperature Range 


Ty 


| Symbol | Value |_Unit | 
Oo 


Power Dissipation Internally 
Limited 


ELECTRICAL CHARACTERISTICS (Vi-Vo = 5.0 V; Ig = 0.5 A for K and T packages; Ig = 0.1 A for H package; Ty = Tlow to 


Cc 
~55 to +150 
~25 to +150 
0 to +125 


Thigh [see Note 1]; Imax and Pma x per Note 2; unless otherwise specified.) 


Line Regulation (Note 3) 
Ta = 25°C, 3.0 V < V|-Vo < 40 V 


Load Regulation (Note 3) 2 
Ta = 26°C, 10 mA <= Io < Imax 

Vo = 5.0V 

Vo = 5.0 V 


Thermal Regulation (Ta = +25°C) 
20 ms Pulse 


Adjustment Pin Current Change 
2.5V <Vi-Vo < 40V 
10 mA < Ie — Imax: Pp < Pmax 


Reference Voltage (Note 4) 
3.0V<ViVo <= 40V 
10 mA — lo = Imax: Pp Ss Pmax 


Line Regulation (Note 3) 
3.0V < Vi-Vo <= 40 V 


Load Regulation (Note 3) 
10mA <s Te) <= Imax 


Vo =5.0V 
Temperature Stability (Tlow < Ty < Thigh) 
Minimum Load Current to | 3 


Maintain Regulation (Vj-VQ = 40 V) 


Maximum Output Current 
Vi-Vo <= 15 V, Pp = Pmax 
K and T Packages 
H Package 
Vi-Vo = 40 V, Pp < Pmax, Ta = 25°C 
K and T Packages 
H Package 


RMS Noise, % of Vo 
Ta = 25°C, 10 Hz < f < 10 kHz 


Ripple Rejection, Vo = 10 V, f = 120 Hz 


(Note 5) 
Without Cag; 
Cadj = 10 uF 


_Long-Term Stability, Ty = Thigh (Note 6) 
Ta = 25°C for Endpoint Measurements 


Thermal Resistance Junction to Case 
H Package (TO-39) 
K Package (TO-3) 

T Package (TO-220) 


i 


NOTES: (1) Tiow = —55°C for LM117 Thigh = +150°C for LM117 
— 25°C for LM217 = +150°C for LM217 
0°C for LM317 = +125°C for LM317 


(2) Imax = 1.5 A for K (TO-3) and T (TO-220) Packages 
= 0.5 A for H (TO-39) Package 
Pmax = 20 W for K (TO-3) Package 


Hl 


20 W for T (TO-220) Package 

2.0 W for H (TO-39) Package 

(3) Load and line regulation are specified at constant 
junction temperature. Changes in Vo due to heating 


ner om |p | WT | a 
Typ | Max _| 


5.0 15 5.0 25 mV 
0.1 0.3 0.1 0.5 | %Vo 
a a oe 
| 100 | uA | 
| 


Adjustment Pin Current 3 lag | — | 50 | 10 [| — 50 | 10 


pA 
pA 


1.0 %/1.0 k 
Hrs. 


°C/W 
12 15 
2.3 3.0 
5.0 os 


effects must be taken into account separately. Pulse 
testing with low duty cycle is used. 

(4) Selected devices with tightened tolerance reference 
voltage available. 

(5) Capy, when used, is connected between the 
adjustment pin and ground. 

(6) Since Long-Term Stability cannot be measured on 
each device before shipment, this specification is an 
engineering estimate of average stability from lot to lot. 
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SCHEMATIC DIAGRAM 


FIGURE 1 — LINE REGULATION AND Alagj/LINE TEST CIRCUIT 


VoH -YOL 
Line Regulation (%/V) = eres x 100 


* Pulse Testing Required: 
1% Duty Cycle 
is suggested. 
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FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT 


Load Regulation (mV) = Vo (min. Load) — YO (max. Load) 


Load Regulation (%Vo) = YO (min. Load) ~ Vo (max. Load) 100 ‘VO (min. Load) 
Vo (min. Load) | | V 
. O (max. Load) 
Re 


Vout 
O 
(max. Load) 


! Ri 
(min. Load) 


*'Pulse Testing Required: 
1% Duty Cycle is suggested. 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro: 
Pulse Testing Required: Vo = Iset Ro + 1.250 V 
1% Duty Cycle is suggested. Assume Is_et = 5.25mA 


FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT 


1N4002 


[+ 
seiko 
CaDs “TN 10 WF 


"D4 Discharges Capy if Output is Shorted to Ground. 
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FIGURE 6 — CURRENT LIMIT 


FIGURE 5 — LOAD REGULATION 


(v) LNSHHND LNdino ‘9 


(%) FONVHI FDVLION LNdino ‘Pav 


100 


Tj, JUNCTION TEMPERATURE (°C) 


V, — Vg, INPUT - OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


FIGURE 8 — DROPOUT VOLTAGE 


FIGURE 7 — ADJUSTMENT PIN CURRENT 


(V7) LNSYYNOD Nid LNSWLSNPOV {py 


Tj, JUNCTION TEMPERATURE (°C) 


JUNCTION TEMPERATURE (°C) 


Ty, 


FIGURE 10 — MINIMUM OPERATING CURRENT 


FIGURE 9 — TEMPERATURE STABILITY 


\ 
ae 


+9 MOON 


(yw) INSHHND LNZISaIND ‘9) 


_—- lu 


1.260 


— - _ 


(A) ADVLIOA JONANASIY PA 


ae 


i eres 


i) 


125 = 160 


100 


Ty, JUNCTION TEMPERATURE (°C) 


V,- Vo. INPUT — OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 
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FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURRENT 


RR, RIPPLE REJECTION (dB) 
RR, RIPPLE REJECTION (dB) 


0 5 10 16 20 25 30 35 : 0.1 
Vg, OUTPUT VOLTAGE (V) Ig, OUTPUT CURRENT (A) 


FIGURE 13 — RIPPLE REJECTION versus FREQUENCY FIGURE 14 — OUTPUT IMPEDANCE 


199 


7] 
|Z 


RR, RIPPLE REJECTION (dB) 


aan 
a 
Ro 


Zg, OUTPUT IMPEDANCE (<2) 
=) 


10-3 
10 100 1K 10K 100K 1M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE 


AVg, QUTPUT VOLTAGE 
DEVIATION (V) 
AVpy, OUTPUT VOLTAGE 
DEVIATION (V) 


Lil 

= x 

a a - 

= = oa 

> Ww aw 
rs) oa 

-2 te 

= x D> 

a rc (a) 

=o 

= 

<J t, TIME: (us) ; t, TIME (us) 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM117 is a 3-terminal floating regulator. In opera- 
tion, the LM117 develops and maintains a nominal 1.25 
volt reference (Vref) between its output and adjustment 
terminals. This reference voltage is converted to a pro- 
gramming current (IPRQG) by R1 (see Figure 17), and 
this constant current flows through R2 to ground. The 
regulated output voltage is given by: 


R2 
Vout = Vref (1 + RI) + lAdj R2 


Since the current from the adjustment terminal (lAqj) 
represents an error term in the equation, the LM117 was 
designed to control IAqj to less than 100 pA and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require- 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM117 is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. | 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


Adj 


Vref = 1.25 V TYPICAL 


LOAD REGULATION 

The LM117 is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 pF disc or 1 uF tantalum input bypass capacitor 
(Cjn) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (CAD J) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 pF capacitor should improve ripple 
rejection about 15dB at 120 Hz in a 10 volt application. 

Although the LM117 is stable with no output capaci- 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci- 
tance (Cg) in the form of a 1 wF tantalum or 25 yF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 


PROTECTION DIODES 

When external capacitors are used with any 1|.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 18 shows the LM117 with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Cg > 25 uF, Capy > 10 HF). 
Diode Dj prevents Cg from discharging thru the 1.C. 
during an input short circuit. Diode D2 protects against 
capacitor Capy discharging through the 1|.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Capy from discharging through the I.C. 
during an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


IN4002 


Co 
D2 a 


Adjust IN4002 
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FIGURE 19 — “LABORATORY” POWER SUPPLY WITH ADJUSTABLE 
CURRENT LIMIT AND OUTPUT VOLTAGE 


IN4002 


Te) 
y Vout1 Rsc renee 
IN O Vo 
32 to 40 V 


1 MEF 


+ 
Ds 
D, IN4001 Tantalum 
© Adjust 1 O 
+ — 


Adjust 2 


IN4001 
IN4001 


Current HK D Voltage IDHE 
Limit 2 Adjust 


Adjust IN4001 


Q, D3 
D4 OUTPUT RANGE: 


mie um 
O 0< V5 <25V 
1N4001 SVoSs 


-10V Q9 O<1IQg S1.2A 


Diodes D4 and Do and transistor Q>5 are added to allow adjustment 2N5640 a 
of output voltage to O volts. 


Dg protects both LM117’s during an input short circuit. O 


FIGURE 20 — ADJUSTABLE CURRENT LIMITER FIGURE 21 —5 V ELECTRONIC SHUT DOWN REGULATOR 


1N4002 


IN4001 


** To provide current limiting of lo Dog 
to the system ground, the source of IN4001 
the FET must be tied to a negative 
voltage below —~1.25 V. 


2N5640 
R4 = 
'Omax + 'pss 
Vo < BVoss +1.25V+Vgg 
ILmin ~ 'pss <!9o <1.5A Vsgs* 


As shown0<ig<1A 


Control 


Minimum Vout = 1-25 V 


D4 protects the device during an input short circuit. 


FIGURE 22 — SLOW TURN-ON REGULATOR FIGURE 23 — CURRENT REGULATOR 


iIN4001 


MPS2907 


10 MA < lout $1.5 A 
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Specifications and Applications 
Information 


3-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 


The LM117L/217L/317L are adjustable 3-terminal positive volt- 
age regulators capable of supplying in excess of 100 mA over an 
output voltage range of 1.2 V to 37 V. These voltage regulators 
are exceptionally easy to use and require only two external re- 
sistors to set the output voltage. Further, they employ internal 
current limiting, thermal shutdown and safe area compensation, 
making them essentially blow-out proof. 

The LM117L series serves a wide variety of applications in- 
cluding local, on card regulation. This device can also be used to 
make a programmable output regulator, or by connecting a fixed 
resistor between the adjustment and output, the LM117L series 
can be used as a precision current regulator. 


Output Current in Excess of 100 mA 

Output Adjustable Between 1.2 V and 37 V 
Internal Thermal Overload Protection 

Internal Short-Circuit Current Limiting 

Output Transistor Safe-Area Compensation 
Floating Operation for High Voltage Applications 
Standard 3-Lead Transistor Packages 

Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


LM117L 


* = Cj, is required if regulator is located an appreciable distance from power 
supply filter. 
** = Cz is not needed for stability, however it does improve transient 
response. 


R2 
Vout = 1.25 V (1+ Ry + lAdj Ro 


Since VAdj is controlled to less than 100 WA, the error associated with this 
term is negligible in most applications 


LM217L 
LM317L 


LOW-CURRENT 
3-TERMINAL _ 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Z SUFFIX 
CASE 29-02 
TO-226AA 
(TO-92) 
PLASTIC PACKAGE 
(LM317 only) 


Pin 1 Adjust 
Pin2 Vout 
Pin3 Vin 


H SUFFIX 
METAL PACKAGE 
CASE 79-02 
TO-205AD 
(TO-39) 


(Case is output) 


Pint Vin 
Pin 2. Adjust 
Pin3 Vout 
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MAXIMUM RATINGS 


Power Dissipation 


Operating Junction Temperature Range LM117L 
LM217L 
LM317L 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 


-55 to +150 
-25 to +150 
Oto +125 


(V| - Vo = 5 V; Iq = 40 mA; TY = Tow to Thigh [see Note 1]; Imax and Pmax per Note 2; unless otherwise specified.) 


Characteristic 


Line Regulation (Note 3) 1 
| Ta = 25°C, 3V<Vi-Vo < 40 V 


Load Regulation (Note 3), Ta = 25°C 
5 MAS 109 S |max — LM117L/217L 
10 MA < 109 < Imax — LM317L 

Vo <5V 

Vo25V 


Adjustment Pin Current 3 


Adjustment Pin Current Change 
2.5 V<V\-Vo < 40 V, Pp < Pmax 

5 MA< 19 < Imax — LM117L/217L 

10 MA<10 < Imax — LM317L 


Reference Voltage (Note 4) 
3V<Vi-Vo < 40 V, Pp < Pmax 
5 MA< 19 S Imax — LM117L/217L 
10 MA< 19 < Imax — LM317L 


Line Regulation (Note 3) 1 
3V<Vi-Vo < 40 V 


Load Regulation (Note 3) 
5 MA <1!9 < Imax — LM117L/217L 
10 MA< 19 < Imax — LM317L 
Vo<5V 
Vo25V 


Temperature Stability (Tipw < Ty < Thigh) 


Minimum Load Current to 
Maintain Regulation (Vj-Vg = 40 V) 


Maximum Output Current 
Vi-Vo S 20 V, Pp < Pmax H Package 
Vi-Vo < 6.25 V, Pp < Pmax, Z Package 
Vi-Vo = 40 V, Pp < Pmax, Ta = 25°C 

H Package 

Z Package 


RMS Noise, % of Vo 
Ta = 25°C, 10 Hz < f < 10 kHz 


Ripple Rejection (Note 5) 
Vo=1.25V,f=120Hz © 
Capy = 10 uF Vo = 10.0 V 


Long Term Stability, Ty = Thigh (Note 6) 
Ta = 25°C for Endpoint Measurements 


Thermal Resistance Junction to Case 
H Package (TO-39) 
Z Package (TO-92) 


NOTES: 
(1) Tigw = -55°C for LM117L 
, ~25°C for LM217L 
O°C for LM317L 
(2) Imax = 100 mA 
Pmax = 2 W for H (TO-39) Package 
= 625 mW for Z (TO-92) Package 


LM117L/217L LM317L 
Typ 


o 
e 
.~ 
> 


%/N 
15 5 25 mV 
e 0.1 0.5 %VO 


© 

N 

o 
r 
> 


1.30 1.20 1:25 1.30 


V 


Thigh = +150°C for LM117L 
= +150°C for LM217L 
= +125°C for LM317L 


%V/O 


%/1.0k 
Hrs. 


°C/W 


pe fe fee fe fee : | = 


(3) Load and line regulation are specified at constant junction temperature. 
Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 

(4) Selected devices with tightened tolerance reference voltage available. 

(5) Capy, when used, is connected between the adjustment pin and 
ground. 

(6) Since Long Term Stability cannot be measured on each device before 
shipment, this specification is an engineering estimate of average 
stapility from lot to lot. 
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SCHEMATIC DIAGRAM 


200 k | 
6.3 V 
180 180 


O Adjust 


VOH" VOL 
Line Regulation (%/V) = ON 2S x 100 


VOL 
M VIH 
Vin Vin Vout 
O LM117L O 


© Adjust 


Cin SR 0.1 ME (‘i 


* Pulse Testing Required: S 
1% Duty Cycle 
is suggested. 


R4 
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FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT 


Load Regulation (mV) = Vo (min. Load) ~ VO (max. Load) 


Vo (min. Load) — Vo (max. Bone) 100] ie (min. Load) 
Vo (min. Load) Vo (max. Load) 


Load Regulation (%Vo) = 


Ru 
(max. Load) 


Ru 
(min. Load) 


* Pulse Testing Required: 
1% Duty Cycle is suggested. 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro: 
Pulse Testing Required: Vo = Iset Rot 1.250 V 
1% Duty Cycle is suggested. Assume Is_et = 5.25 mA 


Adjust , 
baad 1N4002 


1+ 
pap ee 
Caps 77 N 10 MF 


! 
y 


"Dy Discharges CA Oy if Output is Shorted to Ground. 
**Capy provides an AC Ground to the Adjust Pin. 
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FIGURE 6 — RIPPLE REJECTION 


FIGURE 5 — LOAD REGULATION 


14 to 24V 


in 


5 to 100 mA 


(%) JONVHI IDVLIOA indino ‘Oar 


Ty, JUNCTION TEMPERATURE (°C) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8 — DROPOUT VOLTAGE 


FIGURE 7 — CURRENT LIMIT 


(SLIOA) IVILN3834410 
JOVLIOA LNdLNO — LNdNI ‘OA -!a 
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va 
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(SdWY) LNJHHND LNdLNO ‘9 
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100 


Ty, JUNCTION TEMPERATURE (°C) 


V, — Vo, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 10 — RIPPLE REJECTION versus FREQUENCY 


FIGURE 9 — MINIMUM OPERATING CURRENT 
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f, FREQUENCY (Hz) 


V1—Vo, INPUT —- OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 
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FIGURE 11 — TEMPERATURE STABILITY 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 13 — LINE REGULATION 


| 


Vin = 4.25 to 41.25 V 
Vo = Vret 


AVg, OUTPUT VOLTAGE CHANGE (%) 


~50 -25 0 25 50 75 100 «125—Ss«150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 15 — LINE TRANSIENT RESPONSE 


AVg, OUTPUT VOLTAGE 
DEVIATION (V) 


AV), INPUT VOLTAGE 
CHANGE (V) 


t, TIME (ys) 


FIGURE 12 — ADJUSTMENT PIN CURRENT 


Vin = 6.25 V 

Vo = Vref 

—— =I, =10mA 
|| = 100 mA 


I adj, ADJUSTMENT PIN CURRENT (uA) 


-§0 -25 0 25 50 75 100 «125 =~ 150 
Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 14 — OUTPUT NOISE 


NOISE VOLTAGE (nV) 


~50 -25 0 25 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 16 — LOAD TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM117L is a 3-terminal floating regulator. In 
operation, the LM117L develops and maintains a nominal 
1.25 volt reference (Vref) between its output and adjust- 
ment terminals. This reference voltage is converted to a 
programming current (IPROG) by R1 (see Figure 13), 
and this constant current flows through R2 to ground. 
The regulated output voltage is given by: 


R2 
Vout = Vref (1+ 57) + !Adj R2 


Since the current from the adjustment terminal (1Aqj) 
represents an error term in the equation, the LM117L was 
designed to control !Aqj to less than 100 wA and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require- 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM117L is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


LM117L 


‘Adj 


Vref = 1.25 V TYPICAL 


LOAD REGULATION 

The LM117L is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 uF disc or 1 uF tantalum input bypass capacitor 
(Cjn) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (CAD J) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 pF capacitor should improve ripple 
rejection about 15dB at 120 Hz in a 10 volt application. 

Although the LM117L is stable with no output capaci- 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci- 
tance (Cg) in the form of a 1 uF tantalum or 25 uF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 


PROTECTION DIODES 

When external capacitors are used with any I.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 14 shows the LM117L with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Co > 10 uF, Capy > 5 uF). 
Diode Dj prevents Co from discharging thru the 1.C. 
during an input short circuit. Diode D2 protects against 
capacitor Capy discharging through the 1!.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Capy from discharging through the I.C. 
during an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 
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FIGURE 19 ~ ADJUSTABLE CURRENT LIMITER FIGURE 20 — 5 V ELECTRONIC SHUTDOWN REGULATOR 


D4 
1N4002 
Vout 
LM117L O 


LM117L 


*To provide current limiting of lo to 


the system ground, the source of the 
current limiting diode must be tied 


to a negative voltage below —7.25 V. Control 


Minimum Voy = 1.25 V 
Vo < Pov +1.25V + Vss 
lemin -Ip< lo < 100 mA - Ip 
As shown O < Ilo < 95 mA. 


D4 protects the device during an input short circuit 


FIGURE 21 — SLOW TURN-ON REGULATOR FIGURE 22 — CURRENT REGULATOR 


Vv 
LM117L LM1147L 


IN4001 
Adjust © 


loutmax - 


2 ae Vref : 
outmin = Ry + Ro 


5 MA < lout < 100 MA 
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MOTOROLA LM217M 


LM317M 


Specifications and Applications 
Information 


MEDIUM-CURRENT 
3-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


3-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 


The LM117M/217M/317M are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 500 mA over 
an output voltage range of 1.2 V to 37 V. These voltage regulators 
are exceptionally easy to use and require only two external re- 
sistors to set the output voltage. Further, they employ internal 
current limiting, thermal shutdown and safe area compensation, 
making them essentially blow-out proof. 

The LM117M series serve a wide variety of applications includ- 
ing local, on card regulation. This device can also be used to make 
a programmable output regulator, or by connecting a fixed resis- 
tor between the adjustment and output, the LM117M series can 
be used as a precision current regulator. 


e Output Current in Excess of 500 mA 
Output Adjustable Between 1.2 V and 37 V 
Internal Thermal Overload Protection 
Internal Short-Circuit-Current Limiting 
Output Transistor Safe-Area Compensation 
Floating Operation for High Voltage Applications 
Standard 3-Lead Transistor Packages 
Eliminates Stocking Many Fixed Voltages 


R SUFFIX 
METAL PACKAGE 
CASE 80-02 
TO-213AA 
(TO-66) 


(Bottom View) 


Case is output 
—»> ———, 
LIN 
oP» 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection, 


STANDARD APPLICATION T SUFFIX 


PLASTIC PACKAGE 
CASE 221A-02 
TO-220AB 
LM317M only 


LM117M 


Pin 1 Adjust 
Pin 2 iii 
Pin 3 

in Vin 


Heatsink surface connected 
to Pin 2 


* Cin is required if regulator is located an appreciable distance from power 
supply filter. 

** Cy is not needed for stability, however it does improve transient ORDERING INFORMATION 

response. 


Temperature Range | Package | 
Ty= 25°C 10 F150°C 


R2 
Vo™= 1.25 V (1 ee + ladj Ro 


Since lgqj is controlled to less than 100 HA, the error associated with this 
term is negligible in most applications 


LM317MR Ty = O°C to +125°C Metal Power 
LM317MT Ty = O°C to +125°C Plastic Power 
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MAXIMUM RATINGS 


Input-Output Voltage Differential 


Power Dissipation 


Operating Junction Temperature Range LM117M -55 to +150 
LM217M -25 to +150 
LM317M Oto +125 


Storage Temperature Range i -65 to +150 


ELECTRICAL CHARACTERISTICS (V\-Vo = 5.0 V, 19 = 0.1A, Ty = Tlow to Thigh [see Note 1], Pmax per Note 2, unless 


otherwise specified.) 


LM117M/217M LM317M 
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max_ 
perrirk Lcd Me adel ll Kl al 
mV 


Ta = 25°C, 3.0V < Vi-Vo <= 40 V ae 
Load Regulation (Note 3) 2 Regioad 
Ta = 25°C, 10 mA <!19 < 0.5A 
Vo =5.0V 5.0 15 25 
0.1 0.3 0.5 %VO 
| 3 | tag | = | 50 [| 100 | ~ | 50 | 100 | wa _| 
“ Ean 
1.30 V 
Regload 
10mA <I9 <0.5A 
Vo = 5.0 V ~ 20 50 20 70 mV 
Vo 2 5.0 V 0.3 1.0 0.3 1.5 *%VO 


Adjustment Pin Current Change 
25V<V\-Vo <= 40 V 

10 mA = I, < 0.5A, Pp s 

Reference Voltage (Note 4) 
3.0V<VI/-Vo <= 40 V 

edie esl Pos 


Pmax 


Pmax 


Load Regulation (Note 3) 


Vo = 50V 
Temperature Stability (Tow <Ty<Thigh | 3 | Ts | — | 07 | 


Minimum Load Current to 3 ILmin 3.5 
Maintain Regulation (Vj-Vo = 40 V) 


Maximum ae Current 
Vi- Noe = 40 V, Pp < Pmax TA = 25°C 


RMS Noise, % of Vo 0.003 0.003 %VO 
Ta = 25°C, 10 Hz < f < 10 kHz 


Ripple Rejection, Vo = 10 V, f = 120 Hz 
(Note 5) 
Without Caqj — 
Caqj = 10 al 


Le 0.3 0.3 %/1.0 k 
Hrs. 
les °C/W 
7.0 7.0 
7.0 


Thermal Resistance Junction to Case 
R Package (TO-66) 
T Package (TO-220) 


NOTES: 

(1) Tow = -55°C for LM117M Thigh = +150°C for LM117M (4) Selected devices with tightened tolerance reference voltage available. 
= ~25°C for LM217M = +150°C for LM217M (5) Cagj. when used, is connected between the adjustment pin and ground. 
= O°C for LM317M = +125°C for LM317M 

(2) Prax = 7.5 W . (6) Since Long Term Stability cannot be measured on each device before 

(3) Load and line regulation are specified at constant junction temperature. shipment, this specification is an engineering estimate of average 

Changes in Vo due to heating effects must be taken into account stability from lot to lot. 


separately. Pulse testing with low duty cycle is used. 
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SCHEMATIC DIAGRAM 


FIGURE 1 — LINE REGULATION AND Aladj/LINE TEST CIRCUIT 


VoH-V 
Line Regulation (%/V) = pe xX 100 


VOL 
n VOH 


LM117M 


* Pulse Testing Required: 
1% Duty Cycle 
is suggested. 
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FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT 


| Load Regulation (mV) = Vo (min. Load) — VO (max. Load) 


! Vo (min. Loaa) — Vo (max. Load) “aad (min, Load) 
Vv 


Load Regulation (%Vo) = V xX 10 

| Vin oe Oo (min. Load) Oo (max. Load) 
—~<—— LM117M e 

| 


RAL 


pe 240 (max. Load) 
Re 


1% (min. Load) 


Vadj 


R2 
1% 


* Pulse Testing Required: 
1% Duty Cycle is suggested. 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro: 
Pulse Testing Required: Vo = Iset R2+ 1.250 V 
1% Duty Cycle is suggested. Assume IgetT = 5.25 mA 


1N4002 


*D4 Discharges Caqj if Output is Shorted to Ground. 
* *Cadj provides an AC Ground to the Adjust Pin. 
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FIGURE 6 — RIPPLE REJECTION 


FIGURE 5 — LOAD REGULATION 
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FIGURE 8 — DROPOUT VOLTAGE 


FIGURE 7 — CURRENT LIMIT 
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FIGURE 10 — RIPPLE REJECTION versus FREQUENCY 


FIGURE 9 — MINIMUM OPERATING CURRENT 
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FIGURE 11 — TEMPERATURE STABILITY 


Vref, REFERENCE VOLTAGE (V) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 13 — LINE REGULATION 


AVg, OUTPUT VOLTAGE CHANGE (%) 


25 
Ty, JUNCTION TEMPERATURE (°C) 


50 75 100 


FIGURE 15 — LINE TRANSIENT RESPONSE 
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FIGURE 12 — ADJUSTMENT PIN CURRENT 


V, = 6.25 V 

Vo = Vref 

— me me) = 10 mA 
1, = 100 mA 


I adj. ADJUSTMENT PIN CURRENT (uA) 


Q 


50 75 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 14 — OUTPUT NOISE 
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Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 16 — LOAD TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 


The LM117M is a 3-terminal floating regulator. In 
operation, the LM117M develops and maintains a nominal 
1.25 volt reference (Vref) between its output and adjust- 
ment terminals. This reference voltage is converted to a 
programming current (Iprog) by R1 (see Figure 17), 
and this constant current flows through R2 to ground. 
The regulated output voltage is given by: 


7 R2 . 
VO = Vref (1 + R1 ) + lagjR2 


Since the current from the adjustment terminal (lgqj) 
represents an error term in the equation, the LM117M 
was designed to control laqj to less than 100 pA and keep 
it constant. To do this, all quiescent operating current Is 
returned to the output terminal. This imposes the require- 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM117M is a floating regulator, it is only the 
voltage differential across the circuit that is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


LM117M 


LOAD REGULATION 


The LM117M is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 


A 0.1 uF disc orl pF tantalum input bypass capacitor 
(Cin) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (Cadj) prevents 
ripple from being amplified as the output voltage is 
increased. A10 uF capacitor should tmprove ripple 
rejection about 15 dB at 120 Hz in a 10 volt application. 

Although the LM117M is stable with no output capaci- 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output 
capacitance (Cg) in the form of a1 uF tantalum or 25 uF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 


PROTECTION DIODES 


When external capacitors are used with any I.C. regu- 
lator itis sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 18 shows the LM117M with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Co > 10 uF, Cagj > 5 pF). 
Diode D1 prevents Co from discharging thru the I.C. 
during an input short circuit. Diode D2 protects against 
capacitor Caqj discharging through the 1.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Caqj from discharging through the I.C. during 
an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 
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FIGURE 19 — ADJUSTABLE CURRENT LIMITER FIGURE 20 — 5 V ELECTRONIC SHUTDOWN REGULATOR 


LM117M 1N4002 


Vout 


LM117M 


*To provide current limiting of Io to 
the system ground, the source of the 


—— , 
current limiting diode must be tied MPo2222 
to a negative voltage below —7.25 V. 


TTL 
Control 


Minimum Vo = 1.25 V 
Vo< Pov + 1.25 V + Vss 
ILmin - Ip < lo < 500 mA — Ip 
As shown O < lo < 495 mA 


D4 protects the device during an input short circuit. 


FIGURE 22 — CURRENT REGULATOR 


Vo LM117M 


1N4001 


i Np. ger en eee 
OMmeax. Ry adj = Ry 


Vref 1.25 V 
‘omin (arte )* ladj “Ry + RQ 


SMA < lout < 500 mA 
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Specifications and Applications 
Information 


3 AMPERE, 5 VOLT POSITIVE VOLTAGE REGULATOR 


The LM123, A/LM223, A/LM323, Aarea family of monolithic inte- 
grated circuits which supply a fixed positive 5.0 volt output with a 
load driving capability in excess of 3.0 amperes. These three- 
terminal regulators employ internal current limiting, thermal 
shutdown, and safe-area compensation. An improved series with 
superior electrical characteristics and a 2% output voltage tolerance 
is available as A-suffix (LM123A/LM223A/LM323A) device types. 

These regulators are offered in a hermetic TO-3 metal power 
package in three operating temperature ranges. A O°C to +125°C 
temperature range version |s also available in a low cost TO-220 
plastic power package. 

Although designed primarily as a fixed voltage regulator, these 
devices can be used with external components to obtain adjustable 
voltages and currents. This series of devices can be used with a 
series pass transistor to supply up to 15 amperes at 5.0 volts. 


Output Current in Excess of 3.0 Amperes 
Available with 2% Output Voltage Tolerance 
No external Components Required 

Internal Thermal Overload Protection 
Internal Short-Circuit Current Limiting 


Output Transistor Safe-Area Compensation 
Thermal Regulation and Ripple Rejection Have Specified Limits 


MAXIMUM RATINGS 
Rating Symbol 


Input Voltage j 20 


Power Dissipation Internally Limited 


-55 to +150 
-25 to +150 
Oto +125 


-65 to +150 


Operating Junction Temperature LM123,A 
Range LM223,A 
. LM323, A 


Storage Temperature Range 


300 


Lead Temperature (Soldering, 10s) 


ORDERING INFORMATION 
Output Voltage 
Device Tolerance 
LM123K 6% 
LM123AK 2% 
LM223K 6% 
LM223AK 2% 


Junction 
Temperature Range Package 


-55 to +150°C 


-25 to +150°C 


0 to +125°C 


LM323K 4% 
LM323AK 2% 
LM323T 4% 
LM323AT 2% 
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Metal Power 


Plastic Power 


LM123, LM123A 
LM223, LM223A 
LM323, LM323A 


3-AMPERE, 5 VOLT 
POSITIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 
TO-204AA 
(TO-3) 


Pin 1. INPUT 
2. OUTPUT 
CASE GROUND 


(Bottom View) 


T SUFFIX 
PLASTIC PACKAGE 
(LM323 and LM323A) 


CASE 221A-02 
TO-220AB 


Pin 1. INPUT 
2. GROUND 


3. OUTPUT (Heatsink surface connected 


to Pin 2) 


STANDARD APPLICATION 


LM123,A 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.5 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 


* = Cjn is required if regulator is located an 
appreciable distance from power supply 
filter. (See Applications Information for 
details.) ; 

Fe 


= Cg is not needed for stability; however, 
it does improve transient response. 


LM123, LM123A, LM223, LM223A, LM323, LM323A 


ELECTRICAL CHARACTERISTICS (Tj = Tlow to Thigh [see Note 1] unless otherwise specified.) 


Ouiput Noise Voltage 
(10 Hz<f< 100 kHz, Ty = 25°C) 


Ripple Rejection 
(8.0V< Vin S 18 V, lout = 2.0 A, 
f= 120 Hz, Ty = 25°C) 


Short Circuit Current Limit 


(Vin =.7.5 V,O0< lout < 3.0 A, Ty = 25°C) 
Output Voltage 
Line Regulation ReGline 
(7.5 V< Vin < 15 V, Ty = 25°C) (Note 3) 
Load Regulation Rebincd| 
Thermal Regulation 
( Pulse = 10 ms, P= 20 W, Ta = 25°C) 
(Vin = 18 V, Ty = 25°C) 
Thermal Resistance Junction to Case RaJc 
(Note 4) 
Thigh = +150°C for LM123, A 


(7.5V< Vin < 19 V,0< lout < 3.0 A, 
(Vin= 7-5 V,0< Iout < 3.0 A, Ty = 25°C) 
Quiescent Current 
(Vin= 75 V, Ty = 25°C) 
= +150°C for LM223,A 


Output Voltage ac 
P< Pmax [Note 2]) ae ie 
(Note 3) 
Long Term Stability i se | 
= +125°C for LM323,A 


Note 1. Tigw = -55°C for LM123,A 
= -25°C for LM223,A 
= O°C for LM323,A 


Note 2. Although power dissipation is internally limited, specifications 
apply only for P< Pmay 
Pmax * 30 W for K (TO-3) package 
Pmax > 25 W for T (TO-220) package 


VOLTAGE REGULATOR PERFORMANCE 


The performance of a voltage regulator is specified by its immu- 
nity. to changes in load, input voltage, power dissipation, and 
temperature. Line and load regulation are tested with a pulse of 
short duration (< 100 us) and are strictly a function of electrical 
gain. However, pulse widths of longer duration (> 1.0 ms) are 
sufficient to affect temperature gradients across the die. These 
temperature gradients can cause a change in the output voltage, 
in addition to changes caused by line and load regulation. Longer 
pulse widths and thermal gradients make it desirable to specify 
thermal regulation. 

Thermal regulation is defined as the change in output voltage 
caused by a change in dissipated power for a specified time, and 
is expressed as a percentage output voltage change per watt. The 
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Note 3. Load and line regulation are specified at constant junction tem- 
perature. Pulse testing is required with a pulse width < 1.0 msand 
a duty cycle < 5%. 


w 
on 


Note 4. Without a heat sink, the thermal resistance (Rg ja) is 35°C/W for 
the TO-3, and 65°C/W for the TO-220 packages. With a heat sink, 
the effective thermal resistance can approach the specified values 
of 2.0 °C/W, depending on the efficiency of the heat sink. 


change in dissipated power can be caused by a change in either 
the input voltage or the load current. Thermal regulation is a func- 
tion of I.C. layout and die attach techniques, and usually occurs 
within 10 ms of a change in power dissipation. After 10 ms, addi- 
tional changes in the output voltage are due to the temperature 
coefficient of the device. 


Figure 1 shows the line and thermal regulation response of a 
typical LM123A to a 20 watt input pulse. The variation of the out- 
put voltage due to line regulation is labeled and the thermal 
regulation component is labeled @). Figure 2 shows the load and 
thermal regulation response of a typical LM123A to a 20 watt load 
pulse. The output voltage variation due to load regulation Is labeled 

and the thermal regulation component is labeled @) 
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SCHEMATIC DIAGRAM 
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FIGURE 1 — LINE AND THERMAL REGULATION FIGURE 2 — LOAD AND THERMAL REGULATION 
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RR, RIPPLE REJECTION (dB) Vg, OUTPUT VOLTAGE (Vdc) 


Ip, QUIESCENT CURRENT (mA) 


FIGURE 3 — TEMPERATURE STABILITY 
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FIGURE 5 — RIPPLE REJECTION versus FREQUENCY 
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FIGURE 7 — QUIESCENT CURRENT versus 
INPUT VOLTAGE 
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FIGURE 4 — OUTPUT IMPEDANCE 
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FIGURE 6 — RIPPLE REJECTION versus 
OUTPUT CURRENT 
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FIGURE 8 — QUIESCENT CURRENT versus 
OUTPUT CURRENT 


40 = ansclia | 

CETTE TIT NT TCT 

a | aiilll 

4+ el 
OL | 


Vin = 10 V 


a 

ELT EET 

LET TT TT PP EE 
0.1 1.0 10 


lout- OUTPUT CURRENT (A) 


S 
oO 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-36 


LM123, LM123A, LM223, LM223A, LM323, LM323A 


FIGURE 10 — SHORT CIRCUIT CURRENT 


FIGURE 9 — DROPOUT VOLTAGE 
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FIGURE 12 — LOAD TRANSIENT RESPONSE 


FIGURE 11 — LINE TRANSIENT RESPONSE 
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FIGURE 14 — MAXIMUM AVERAGE POWER 


oie Maximum Ambient 


Ta, AMBIENT TEMPERATURE (°C) 


DISSIPATION FOR LM323K 
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DISSIPATION FOR LM123K and LM223K 


” 
x 
= 
ip) 
~ 
eo) 
@ 
x= 
— 
° 
<= 
if) 
os) 


FIGURE 13 — MAXIMUM AVERAGE POWER 
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APPLICATIONS INFORMATION 


Design Considerations 


The LM123,A Series of fixed voltage regulators are designed with 
Thermal Overload Protection that shuts down the circuit when subjected 
to an excessive power overload condition, Internal Short-Circuit Protection 
that limits the maximum current the circuit will pass, and Output Transis- 
tor Safe-Area Compensation that reduces the output short-circuit current 
as the voltage across the pass transistor is increased. 

In many low current applications, compensation capacitors are not 
required. However, it is recommended that the regulator input be bypassed 
with a capacitor if the regulator is connected to the power supply filter with 


FIGURE 15 — CURRENT REGULATOR 


Constant 
Current to 
ia Grounded Load 


LM123,A g 


ene le A 


The LM123,A regulator can also be used as a current source when 
connected as above. Resistor R determines the current as follows: 


5.0 V 
lo = + Ie 


Alp = 0.7 mA over line, load and temperature changes 
IB =3.5mA 


For example, a 2-ampere current source would require R to be a 2.5 


ohm, 15 W resistor and the output voltage compliance would be the 
input voltage less 7.5 volts. 


FIGURE 17 — CURRENT BOOST REGULATOR 


2N4398 or Equiv 


Output 


LM123,A 


The LM123,A series can be current boosted with a PNP transistor. The 
2N4398 provides current to 15 amperes. Resistor R in conjunction with 
the VBE of the PNP determines when the pass transistor begins con- 
ducting; this circuit is not short-circuit proof. Input-output differential 
voltage minimum is increased by the Vpe of the pass transistor. 


long wire lengths, or if the output load capacitance is large. An input by- 
pass Capacitor should be selected to provide good high-frequency charac- 
teristics to insure stable operation under all load conditions. A0.33 yuF or 
larger tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should be 
mounted with the shortest possible leads directly across the regulator’s 
input terminalis. Normally good construction techniques should be used 
to minimize ground loops and lead resistance drops since the regulator has 
no external sense lead. 


FIGURE 16 — ADJUSTABLE OUTPUT REGULATOR 


cal LM123,A al 


Output 


Vo, 8.0 V to 20 V 
Vin- Vo > 2.5 V 


The addition. of an operational amplifier allows adjustment to higher 
or intermediate values while retaining regulation characteristics. The 
minimum voltage obtainable with this arrangement is 3.0 volts greater 
than the regulator voltage. 


FIGURE 18 — CURRENT BOOST WITH 
SHORT-CIRCUIT PROTECTION 


2N4398 
R or Equiv 
sc 


Input 


MJ2955 
or Equiv 


LM123, A 
Output 


The circuit of Figure 17 can be modified to provide supply protection 
against short circuits by adding a short-circuit sense resistor, Rc, and 
an additional PNP transistor. The current sensing PNP must be able to 
handle the short-circuit current of the three-terminal regulator. There- 
fore, an eight-ampere power transistor is specified. 
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Specifications and Applications 
Information 


3-TERMINAL ADJUSTABLE 
OUTPUT NEGATIVE VOLTAGE REGULATOR 

The LM137/237/337 are adjustable 3-terminal negative voltage 
regulators capable of supplying in excess of 1.5 A over an output 
voltage range of —1.2 V to —37 V. These voltage regulators are 
exceptionally easy to use and require only two external resistors 
to set the output voltage. Further, they employ internal current 
limiting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LM137 series serve a wide variety of applications including 
local, on-card regulation. This device can also be used to make 
a programmable output regulator; or, by connecting a fixed re- 
sistor between the adjustment and output, the LM137 series can 
be used as a precision current regulator. 

@ Output Current in Excess of 1.5 Ampere in TO-3 and TO-220 

Packages 

Output Current in Excess of 0.5 Ampere in TO-39 Package 

Output Adjustable Between —1.2 V and —37 V 

Internal Therma! Overload Protection 


Internal Short-Circuit-Current Limiting, Constant with 
Temperature 


Output Transistor Safe-Area Compensation 
Floating Operation for High Voltage Applications 
Standard 3-Lead Transistor Packages 

Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


*Cjq is required if regulator is located more than 4 inches from power supply 
filter. A 1 uF solid tantalum or 10 wF aluminum electrolytic is recommended. 


**C, is necessary for stability. A 1 uF solid tantalum or 10 nF aluminum electro- 
lytic is recommended. 


Vout = -1.25 V1 + Be) 


3-TERMINAL 
ADJUSTABLE NEGATIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 
TO-204AA 
(TO-3) 


(Bottom View) 
Case is input 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A-02 
TO-220AB 
LM337 only 


Pin 1 Adjust 
Pin 2 Vin 


Pins V 55% 


Heatsink surface connected 
to Pin 2 


H SUFFIX 
METAL PACKAGE 
CASE 79-02 
TO-205AD 
(TO-39) (Bottom View) 


(Case is input) 


Pin 1 Adjust 


Pin 2 Output 
Pin 3 Input 


ORDERING INFORMATION 


LM137H | Ty=-55°C to +150°C Metal Can 
LM137K Ty = -55°C to +150°C Metal Power 
LM237H Ty = -25°C to +150°C Metal Can 
LM237K Ty = -25°C to +150°C Metal Power 
LM337H Ty = O°C to +125°C Metal Can 
LM337K Ty = O°C to +125°C Metal Power 


LM337T Ty = O°C to +125°C 
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Plastic Power 


LM137, LM237, LM337 


MAXIMUM RATINGS 

Rating 
Input-Output Voltage Differential 
Power Dissipation 


Operating Junction Temperature Range LM137 -55 to +150 
LM237 -25 to +150 
LM337 0 to +125 


| Storage Temperature Range Tstq -65 to +150 


ELECTRICALCHARACTERISTICS  (|Vj-Vol=5V,1Q=0.5A for K and T packages; IQ =0.1 AforH package; TJ=Tlow to Thigh[see 
Note 1], Imax and Pmax per Note 2, unless otherwise specified.) 


LM137/237 LM337 
Characteristic 


Line Regulation (Note 3) 
Ta = 28°C, 3.0 V <|Vi-Vo| < 40 V 
Load Regulation (Note 3) 
Ta = 25°C, 10 MA < lo < Imax 
Vol < 5.0 V 
Vol 2 5.0 V 


Thermal Regulation Regtherm 
10 mS Pulse, Ta = 25°C 
Adjustment Pin Current 


Adjustment Pin Current Change 
2.5 V < |V|-Vo| < 40 V 
10 mA <= IL < Imax: 
Pp <= Pmax, TA = 25°C 
Reference Voltage (Note 4) Ta = +25°C 
3.0 V < |V-Vo| < 40 V, 10 MA < 19 < 
Imax: PD = Pmax: Ty = Tlow to Thig 


Line Regulation (Note 3) 1 ReGline 
3.0 V < |V|-Vol < 40 V 


Load Regulation (Note 3) Regioad 
IVo| = 5.0 V 20 50 20 70 mV 
Vol = 5.0 V 0.3 1.0 0.3 15 | %Vo 


2 
ee eae ee % Vo 
3 . 


ILmin 


a—4 
> 


3 
> 


Maximum Output Current 
IVi-Vol <= 15 V, Pp — Pmax 
K and T Packages 
H Package 
IVi-Vol = 40 V, Pp < Pmax, Ty = 25°C 
K and T Packages 
H Package 


RMS Noise, % of Vo 
Ta = 25°C, 10 Hz < f < 10 kHz 


Ripple Rejection, Vo = —10V, f = 120 Hz 
(Note 5) 

Without Caqj 

Cagj = 10 wF 


Imax 


% Vo 


Long-Term Stability, Tj = Thigh (Note 6) Lo ee %/1.0 k 
Ta = 28°C for Endpoint Measurements Hrs. 
Thermal Resistance Junction to Case RgJjc °C/W 
H Package (TO-39) 
K Package (TO-3) 
T Package (TO-220) 
NOTES: 
(1) Tow = -85°C for LM137 Thigh = +150°C for LM137 (5) Cagj, when used, is connected between the adjustment pin and 
= ~25°C for LM237 = +150°C for LM237 ground. 
=  O°C for LM337 = +125°C for LM337 (6) Since Long Term Stability cannot be measured on each device before 
(2) Imax = 1.5 A for K (TO-3) and T (TO-220 Packages shipment, this specification is an engineering estimate of average 
= 0.5 A for H (TO-39) Package Stability from lot to lot. 
Pmax = 20 W for K (TO-3) and T (TO-220) Packages (7) Power dissipation within an 1.C. voltage regulator produces a tempera- 
= 2 W for H (TO-39) Package ture gradient on the die, affecting individual |.C. components on the die. 
(3) Load and fine regulation are specified at a constant junction tempera- These effects can be minimized by proper integrated circuit design and 
ture. Pulse testing with alow duty cycle is used. Change in Vg because layout techniques. Thermal Regulation is the effect of these tempera- 
of heating effects is covered under the Thermal Regulation specifi- ture gradients on the output voltage and is expressed in percentage of 
cation. output change per watt of power change ina specified time. 


(4) Selected devices with tightened tolerance reference voltage available. 


SR Tt Shits htsscnepfUWESGh, ASSASSIN? 
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SCHEMATIC DIAGRAM 


o Adjust 


© Vout 
z ” 
5.0 k 
750 100 k 15 pF ee 2.0 k 
oO 
oO 
[oe) 


coll 


mili 


15 pF 
25 pF 800 


*Pulse Testing Required: 
1% Duty Cycle 
is suggested. 


Line Regulation (% Vo) = u on HI x 100 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-41 


LM137, LM237, LM337 


FIGURE 2 — LOAD REGULATION AND Aladj/LOAD TEST CIRCUIT 


*Pulse Testing required: 
1% Duty Cycle is suggested. 


—_—o Vo (max. Load) 
VO (min. Load) ~ VO(max. Load) ‘ 


100 
VO (min. Load) 


Load Regulation (mV) = Vo (min. Load) ~ VO (max. Load) Load Regulation (% VQ) = 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate R2: 


. VRef 


This assumes laqj Pulse Testing Required: 
is negligible. 1% Duty Cycle is suggested. 


FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT 


i + 
Cadj 7S 10 pF 
Co 


1N4002 


*D1 Discharges Caqj if Output is shorted to Ground. 
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FIGURE 6 — CURRENT LIMIT 


FIGURE 5 — LOAD REGULATION 


OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


Vg, INPUT — 


Vix 


Tj, JUNCTION TEMPERATURE (°C) 


(%) JONVWHO JNVLIOA LAdLNO Ony 


FIGURE 8 — DROPOUT VOLTAGE 


FIGURE 7 — ADJUSTMENT PIN CURRENT 


(v7) LNAHYND Nid LNaWLsnray “PY 


Tj, JUNCTION TEMPERATURE (°C) 


= 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 10 — MINIMUM OPERATING CURRENT 


FIGURE 9 — TEMPERATURE STABILITY 


— 


(A) SOVLIOA AONANAIIY PA 


OUTPUT VOLTAGE DIFFERENTIAL (Vde) 


eM Gs INPUT — 


Vy 


Ty, JUNCTION TEMPERATURE (°C) 
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FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURRENT 


FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE 


LM137, LM237, LM337 


NOSTRA 
LENE TTT 


wi 
eo] 
‘ IN Wi ° NI : 
os © K id a ra) 
=o ee S _ cc Phe 
— c a \ - Gi a 
iat a = - 8 
oO < 
ae 5 5 \ \ s 6 
2 NUHINI |Z 
ae = = e 
rT ].% 2 = 8 
6 | cS} 
ed | — S 
an aes ¢ | 
4 | 3 pi e 
It uJ 
2 oc 
Lh. G] (=) 
Oo 
= 2 > y 3 et yey + oD RG 
= = = 2 = SS 6 So 5 9 Ge 
(25) JONVOIdWI LNdLNo ‘Fz (A) NOILWIA3G (Vv) LN3YYNI 
FNVLIOA LNdLno ‘OAV avo1)| 
> 
(S) 
a 
3 o 
S 2 
oc eo) 
a ie 6. 
> ” 
= Ww 
uu a ot c 
2 o x Ee 
5 > = 2 
[o) = oO Lu 
S 2 8 
pawn) 
a © S < 
5 5 cc = 
U. 
7 lu ac uu 
s 7 z 
uw = 
o | 
a. 
& = 
. 
© > 
wy og 
a i 
> 
9 
Lh 
(GP) NOILOAPIY J ddiy ‘YY (GP) NOILOSFSY Jtddly “YY (A) NOILVIA3G (A) SONVHO 


JOVLIOA Indino ‘Pav FNVLIOA inant Av 


wait (us) 


MOTOROLA LINEAR/INTERFACE DEVICES 
4-44 


t, TIME (us) 


LM137, LM237, LM337 


APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 


The LM137 is a 3-terminal floating regulator. In op- 
eration, the LM137 develops and maintains a nominal 
— 1.25 volt reference (Ve) between its output and ad- 
justment terminals. This reference voltage is converted 
to a programming current (IpRQG) by R1 (see Figure 
17), and this constant current flows through R2 from 
ground. The regulated output voltage is given by: 


R2 
Vout = Vref (1 + Ri) + lagj R2 


Since the current into the adjustment terminal (laqj) 
represents an error term in the equation, the LM137 was 
designed to control lgqj to less than 100 pA and keep 
it constant. To do this, all quiescent operating current 
is returned to the output terminal. This imposes the 
requirement for a minimum load current. If the load 
current is less than this minimum, the output voltage 
will increase. 

Since the LM137 is a floating regulator, it is only the 
voltage differential across the circuit that is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


Vout 


Vref = -1.25 V Typically 


LOAD REGULATION 


The LM137 is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 


returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 


A 1 uF tantalum input bypass capacitor (Cjn) is recom- 
mended to reduce the sensitivity to input line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (Caqgj) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 uF capacitor should improve ripple 
rejection about 15 dB at 120 Hzin a 10 volt application. 

An output capacitor (Co) in the form of a1 uF tantalum 
or 10 pF aluminum electrolytic capacitor is required 
for stability. 


PROTECTION DIODES 

When external capacitors are used with any I.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging throughlow 
current points into.the regulator. 

Figure 18 shows the LM137 with the recommended 
protection diodes for output voltages in excess of -25 Vor 
high capacitance values (Cg > 25 ywF, Cadj > 10 uF). 
Diode Dj prevents Cg from discharging thru the I.C. 
during an input short circuit. Diode D2 protects against 
capacitor Cadj discharging through the |.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Caqj from discharging through the I.C. during 
an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


oe i a ee a  — 
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LM337M 


Specifications and Applications 
Information 


3-TERMINAL ADJUSTABLE 
OUTPUT NEGATIVE VOLTAGE REGULATOR 


The LM137M/237M/337M are adjustable 3-terminal negative 
voltage regulators capable of supplying in excess of 500 mA over an 
output voltage range of -1.2 V to-37 V. These voltage regulators are 
exceptionally easy to use and require only two external resistors to 
set the output voltage. Further, they employ internal current 
limiting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. . 

The LM137M series serve a wide variety of applications including 
local, on-card regulation. This device can also be used to make a 
programmable output regulator; or, by connecting a fixed resistor 
between the adjustment and output, the LM137M series can be 
used as a precision current regulator. 


Output Current in Excess of 500 mA 

Output Adjustable Between -1.2 V and -37 V 
Internal Thermal Overload Protection 

Internal Short-Circuit-Current Limiting 

Output Transistor Safe-Area Compensation 
Floating Operation for High Voltage Applications 
Standard 3-Lead Transistor Packages 


Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


*Cjin is required if regulator is located more than 4 inches from power supply 

filter. A 1 wF solid tantalum or 10 uF aluminum electrolytic is recommended. 

**Co is necessary for stability. A 1 uF solid tantalum or 10 uF aluminum electro- 
lytic is recommended. 


: R2 
Vout = -1.25 V(1 +B) 


MOTOROLA 


MEDIUM-CURRENT 
3-TERMINAL 
ADJUSTABLE NEGATIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


R SUFFIX 
- METAL PACKAGE 
CASE 80-02 
TO-213AA 
(TO-66) 


(Bottom View) 
Case is Input 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
(LM337M only) 
CASE 221A-02 
TO-220AB 


Pin 1 Adjust 
Pin 2 Vin 
Pin3 Vout 


Heatsink surface connected 
to Pin 2 


ORDERING INFORMATION 


Veta Power 
LM237MR Metal Power 
LM337MR Metal Power 
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MAXIMUM RATINGS 
Input-Output Voltage Differential 
Power Dissipation 
Operating Junction Temperature Range 


LM137M 
LM237M 
LM337M 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 


Symbol 
Vi-VO 


TJ 


Tstq 


uniess otherwise specified.) 


Characteristic 


Line Regulation (Note 3) 
Ta = 25°C, 3.0V<|V\-Vo] < 40 V 
Load Regulation (Note 3), 
Ta = 25°C, 10 mMA<IQ9 <O0.5A 
IVol $5.0 V 
IVo| = 5.0 V 


Thermal Regulation 
10 mS Pulse, Ta = 25°C 
Adjustment Pin Current 
Adjustment Pin Current Change 
2.5V<|VI-Vol < 40 V, 
10 mMA<IL SO.5A, 
Pp < Pmax: Ta = 25°C 
Reference Voltage (Note 4) 
3.0V<|V\-Vo| <40V,10mMA<19<0.5A, 
Pp < Pmax: TA = 25°C 
Tow to Thigh 


. 


—_ 
N 


Load Regulation (Note 3) 
10 mA<I9 <0.5A 
|\Vol < 5.0 V 
IVol = 5.0 V 


Minimum Load Current to 

Maintain Regulation (|Vj-Vo| < 10 V) 

(|Vj-Vo| < 40 V) 

Maximum Output Current 

\Vi-Vol < 15 V, Pp < Pmax 

|Vi-Vol = 40 V. Pp S Pmax. TA = 25°C 
RMS Noise, % of Vo ; 

Ta = 25°C, 10 Hz< f < 10 kHz 


Ripple Rejection, Vo = -10 V, f= 120 Hz 
(Note 5) 
Without Caqj 
Cagj = 10 uF 
Long Term Stability, Ty = Thigh (Note 6) 
Ta = 25°C for Endpoint Measurements 
Thermal Resistance Junction to Case 


R Package (TO-66) 
T Package (TO-220) 


w 


EE : 


NOTES: 

(1) Tiow = -85°C for LM137M 
= ~25°C for LM237M 
= O°C for LM337M 

(2) Pmax = 7.5 W 

(3) Load and line regulation are specified at constant junction temperature. 

Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 


Thigh = +150°C for LM137M 
= +150°C for LM237M 
= +125°C for LM337M 


Regtherm 


[Waive [Unit 
ee 
ol 


({Vy - Vol = 5.0 V, Io = 0.1; Ty = Tiow to Thigh [see Note 1], Prax per Note 2, 


-55 to +150 
-25 to +150 
Oto +125 


LM337M 


P=) 368 | 100. 
Re 


(4) Selected devices with tightened tolerance reference voltage available. 

(6) Cagj, when used, is connected betwe€én the adjustment pin and ground. 

(6) Since Long Term Stability cannot be measured on each device before 
shipment, this specification is an engineering estimate of average 
stability from lot to lot. 


i a eee SS SS SS ee 
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SCHEMATIC DIAGRAM 


* Pulse Testing Required: 
1% Duty Cycle 
is suggested. 


Vor. --V 
) POL NOH 100 


Line Regulation (%Vo 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-48 


LM137M, LM237M, LM337M : 


FIGURE 2 — LOAD REGULATION AND A ladj/LOAD TEST CIRCUIT 


*Pulse Testing required: 
1% Duty Cycle is suggested. 


; i ees (min. Load) 
sree EMIs7é Vo (max. Load) 
Vo (min. Load) — Vo (max Load) 

Vo (min. Load) 


Load Regulation (%Vo) = xX 100 


Load Regulation (mV) = Vo (min. Load) — YO (max. Load) 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate R2: ; 
Vo LM137M 
R92 fa - R4 
Vref 


This assumes laqj Pulse Testing Required: 
is negligible. 1% Duty Cycle is suggested. 


FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT 


| + 
pad le 
Cadj ae 10 WF 


IN4002 


Vo =-1.25V 


4.3V -------- *D 1 Discharges Caqj if Output is shorted to Ground. 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-49 


LM137M, LM237M, LM337M 


FIGURE 6 — CURRENT LIMIT 


FIGURE 5 — LOAD REGULATION 


(%) FINVHI JNVLIOA tNdino Pav 


V) — Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8 — DROPOUT VOLTAGE 


FIGURE 7 — ADJUSTMENT PIN CURRENT 


ax 
ai 
Alt 


(v7) LNJYHND Nid LNSWLsAray !PY| 


75 100-125 ~—Ss«150 


Ty, JUNCTION TEMPERATURE (°C) 


—'p 


, JUNCTION TEMPERATURE (°C) 


Ty 


FIGURE 10 — MINIMUM OPERATING CURRENT 


FIGURE 9 — TEMPERATURE STABILITY 


V, — Vg, INPUT ~ QUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


Ty, JUNCTION TEMPERATURE (®) 
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FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURRENT 


FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE 
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FIGURE 14 — OUTPUT IMPEDANCE 


FIGURE 13 — RIPPLE REJECTION versus FREQUENCY 
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FIGURE 16 — LOAD TRANSIENT RESPONSE 


FIGURE 15 — LINE TRANSIENT RESPONSE 


(A) NOILWIA3G 
JOVLIOA LNdino SAV 


(v) LNSYUND 
avoi’) 


Hse 


(A) NOILWIA3 
JOVIIOA LNdino ‘Sav 


(A) J9NVHD 
JOVLIOA LNdni !AV 


t, TIME (us) 


t, TIME (us) 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-51 


LM137M, LM237M, LM337M 


APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 


The LM137M is a 3-terminal floating regulator. In 
operation, the LM137M develops and maintains a nomi- 
nal -1.25 volt reference (Vref) between its output and 
adjustment terminals. This reference voltage is converted 
to a programming current (IPROG) by R1 (see Figure 17), 
and this constant current flows through R2 from ground. 
The regulated output voltage is given by: 


R2 
Vout = Vref (1 + R17) * ladjR2 


Since the current into the adjustment terminal (laqj) 
represents an error term in the equation, the LM137M 
was designed to control laqj to less than 100 uA and keep 
it constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require- 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will increase. 

Since the LM137M is a floating regulator, it is only the 
voltage differential across the circuit that is important to 
performance, and operation at high voltages with respect 
to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


LM137M 


Vref = -1.25 V Typically 


Vout 


LOAD REGULATION 


The LM137M is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 


returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 


A 1 wF tantalum input bypass capacitor (Cjp) is recom- 
mended to reduce the sensitivity to input line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (Caqj) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 uF capacitor should improve ripple 
rejection about 15 dB at 120 Hz ina 10 volt application. 

An output capacitor (Co) in the form of a 1 uF tantalum 
or 10 uF aluminum electrolytic capacitor is required 
for stability. 


PROTECTION DIODES 


When external capacitors are used with any I.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 18 shows the LM137M with the recommended | 
protection diodes for output voltages in excess of -25 V or 
high capacitance values (Co > 25 uF, Caqj > 10 uF). 
Diode D1 prevents Co from discharging thru the I.C. 
during an input short circuit. Diode D2 protects against 
capacitor Caqj discharging through the 1.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Cadj from discharging through the I.C. during 
an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


D1 
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Specifications and Applications 
Information 


THREE-TERMINAL POSITIVE VOLTAGE REGULATORS 


This family of fixed voltage regulators are monolithic integrated 
circuits capable of driving loads in excess of 1.0 ampere. These 
three-terminal regulators employ internal current limiting, ther- 
mal shutdown, and safe-area compensation. Devices are available 
with improved specifications, including a 2% output voltage tol- 
erance, on A-suffix 5.0, 12 and 15 volt device types. 

Although designed primarily as a fixed voltage regulator, these 
devices can be used with external components to obtain adjust- 
able voltages and currents. This series of devices can be used 
with a series-pass transistor to boost output current capability at 
the nominal output voltage. 

Output Current in Excess of 1.0 Ampere 

No External Components Required 

Output Voltage Offered in 2% and 4% Tolerance* 

Internal Thermal Overload Protection 

Internal Short-Circuit Current Limiting 

Output Transistor Safe-Area Compensation 


ORDERING INFORMATION 


Output Voltage 

and Tolerance 
LM140K-5.0 5.0V + 4% 
LM140AK-5.0 50V + 2% 


LM140K-6.0 6.0V + 4% 


Operating Junction 
Temperature Range 


--55°C to + 150°C 
—55°C to + 150°C 
-~ 55°C to + 150°C 


Metal Power 
Metal Power 


Metal Power 


LM140K-8.0 8.0 V + 4% —55°C to + 150°C Metal Power 
LM140K-12 55°C to + 150°C Metal Power 
LM140AK-12 12V + 2% —55°C to + 150°C Metal Power 
LM140K-15 15V + 4% — 55°C to + 150°C Metal Power 


~—55°C to + 150°C Metal Power 
—55°C to + 150°C 


— 55°C to + 150°C 


15V + 2% 


18V + 4% 
24V + 4% 


LM140AK-15 
LM140K-18 
LM140K-24 


Metal Power 


Metal Power 


LM340K-5.0 O°C to + 125°C 
LM340AK-5.0 O°C to + 125°C 

LM340T-5.0 0°C to + 125°C 
LM340AT-5.0 0°C to +125°C 

LM340K-6.0 O°C to + 125°C 
LM340T-6.0 O°C to +125°C 
LM340K-8.0 O°C to +125°C 
LM340T-8.0 O°C to + 125°C 


o°c to + 125°C 
O°C to + 125°C 
0°C to + 125°C 


LM340K-12 
LM340AK-12 
LM340T-12 


12V + 4% 


12V + 2% 
12V + 4% 


Metal Power 
Plastic Power 


LM340AT-12 0°C to + 125°C 
LM340K-15 O°C to + 125°C 
LM340AK-15 15 V + 2% O°C to + 125°C 
LM340T-15 15V + 4% O°C to +125°C 
LM340AT-15 O°C to +125°C 
LM340K-18 O°C to +125°C 
LM340T-18 O°C to + 125°C 
LM340K-24 O°C to + 125°C 


LM340T-24 24V + 4% O°C to + 125°C 


*2% regulators are available in 5, 12 and 15 volt devices 


LM140,A Series 
LM340,A Series 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 
TO-204AA 
(TO-3) 
GO: @ 
Input Output 

Case 
Gnd 


Pin 1. Input 
2. Output O 


Case Ground (Bottom View) 


T SUFFIX 
PLASTIC PACKAGE 
(LM340A, Series Only) 
CASE 221A-02 


TO-220AB 
Y, 
Vy f 
Pin 1. Input 1 Up (Heatsink surface 


2. Ground 2 connected to 
3. Output 3 . Pin 2) 


STANDARD APPLICATION 


LM140-XX 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 1.7 V above the 
output voltage even during the low point on 
the input ripple voltage. 


XX = these two digits of the type number 
indicate voltage. 


Cin is required if regulator is located 
an appreciable distance from power 
supply filter. 


Co is not needed for stability; how- 
ever, it does improve transient re- 
sponse. If needed, use a 0.1 uF ce- 
ramic disc. 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 
Rating | 


input Voltage (5.0 V — 18 V) 
(24 V) 


Power Dissipation and Thermal Characteristics 
Plastic Package 
Ta = +25°C Internally Limited 
Derate above Ta = +25°C 15.4 
Thermal Resistance, Junction to Air 65 


To = +25°C Internally Limited 
Derate above Tc = +75°C (See Figure 1) 200 
Thermal Resistance, Junction to Case 5.0 


Metal Package 
Tc = +25°C Internally Limited 
Derate above Ta = +25°C 22.5 
Thermal Resistance, Junction to Air 45 


Tc = +25°C | Internally Limited 
Derate above Tc = +65°C (See Figure 2) 182 
Thermal Resistance, Junction to Case 


5.5 
Storage Junction Temperature Range ~-65 to +150 
ve 


Operating Junction Temperature Range 


LM140,A — 55 to + 150 
LM340,A 0 to +150 
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DEFINITIONS . 

Line Regulation — The change in output voltage for a change dissipation for which the regulator will operate within 
in the input voltage. The measurement is made under condi- specifications. 
tions of low dissipation or by using pulse techniques such that Quiescent Current — That part of the input current that is 
the average chip temperature is not significantly affected. not delivered to the load. 

Load Regulation — The change in output voltage for a Output Noise Voltage — The rms ac voltage at the output, 
change in load current at constant chip temperature. with constant load and no input ripple, measured over a spec- 

Maximum Power Dissipation — The maximum total device ified frequency range. 


LM140/340 — 5.0 
ELECTRICAL CHARACTERISTICS (V;,, = 10 V, lo = 500 mA, TJ = Tlow to Thigh (Note 1), unless otherwise noted). 


Characteristic Symbol Typ [max | Unit | 


Output Voltage (Ty = + 25°C) Vo 
lo = 5.0 mA to 1.0A 


Line Regulation (Note 2) Regline 
8.0 to 20 Vdc 
7.0 to 25 Vde (Ty = +25°C) 
8.0 to 12 Vdc, 19g = 1.0A 
7.3 to 20 Vde, Io = 1.0A (Ty = +25°C) 
Load Regulation (Note 2) Regload 
5.0mA<|I9 <= 1.0A 
50mA <!l9 <1.5A(Ty = +25°C) 
250 mA < Io < 750 MA (Ty = + 25°C) 


Output Voltage Vo 
LM140 
8.0 < Vin < 20 Vdc, 5.0 mA < Ig < 1.0A, Pp < 15 W 4.75 
LM340 
7.0 < Vin < 20 Vdc, 5.0 mA < Iq = 1.0A, Pp < 15 W 4.75 


Quiescent Current 
Io = 1.0A 
LM140 
LM340 
LM140 (Ty 
LM340 (Ty 


Quiescent Current Change 

8.0 < Vin < 25 Vdc, Iq = 500 mA LM 140 
7.0 < Vin < 25 Vdc, Iq = 500 mA LM340 
5.0mA<|9 <1.0A, Vin = 10V  LM140, LM340 
8.0 < Vin < 20 Vde, lo = 1.0A LM140 
7.5 < Vin < 20 Vdc, lo = 1.0A LM340 


Ripple Rejection 
LM140 
LM340 
lo = 10A(Ty = +25°C) 
LM140 
LM340 


Dropout Voltage 


Ab 


Vin -VO 


= 
oO OD a & 
RO 0 No © 


ae 
3 
: 

< 


Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (Ty = +25°C) Isc 


Output Noise Voltage (Ta = + 25°C) 
10 Hz < f < 100 kHz 
Average Temperature Coefficient of Output Voltage 


lo = 5.0 mA 
Peak Output Current (Ty = +25°C) 


TCVo 


Input Voltage to Maintain Line Regulation (Ty = + 25°C) 
lio = 10A 


NOTES: 1. Tiow = —55°C for LM140 Thigh = + 150°C for LM140 
= 0°C for LM340 = +125°C for LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140A/340A — 5.0 | a 
ELECTRICAL CHARACTERISTICS (Vj, = 10 V, Io = 1.0A, Ty = Tlow to Thigh (Note 1), unless otherwise noted). 


Characteristic 


Symbol 


< 
ao} 
Cc 
3 
= 


Output Voltage (Ty = +25°C) 
lo = 5.0 mMAto10A 


Line Regulation (Note 2) 
7.5 to 20 Vdc, Ig = 500 mA 
7.3 to 20 Vde (Ty = +25°C) 
8.0 to 12 Vdc 

8.0 to 12 Vde (Ty = +25°C) 


Load Regulation (Note 2) 

50mA<|19 <= 1.0A 

5.0mA <I9 <1.5A (Ty = +25°C) 

250 mA S Ig < 750 mA (Ty = +25°C) 

Output Voltage 

7.5 < Vin < 20 Vde, 5.0 mA < Ig < 1.0A, Pp < 15 W 

Quiescent Current 

(Ty = +25°C) 

Quiescent Current Change 

5.0 mA < 19 <= 1.0A, Vin = 10 V 

8.0 < Vin < 25 Vdc, Iq = 500 mA 

7.5 < Vin < 20 Vdc, Ilo = 1.0A (Ty = +25°C) 

Ripple Rejection 
8.0 < Vin < 18 Vdc, f = 120 Hz 

Io = 500 mA 

lo = 10A(Ty = +25°C) 


Dropout Voltage 


Output Resistance (f = 1.0 kHz) 
Short-Circuit Current Limit (Ty = +25°C) 
Output Noise Voltage (Ta = +25°C) 
10 Hz < f < 100 kHz 
Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA 
Peak Output Current (Ty = +25°C) 
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Input Voltage to Maintain Line Regulation (Ty = + 25°C) 


NOTES: 
1. Tlow = ~ 55°C for LM140A Thigh = +150°C for LM140A 
= 0°C for LM340A = +125°C for LM340A 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 6.0 
ELECTRICAL CHARACTERISTICS (Vj, = 11 V, Io = 500 mA, Ty = Tiow to Thigh (Note 1), unless otherwise noted). 


Characteristic 


Unit 


i‘ 
< 
SG 


Output Voltage (Ty = + 25°C) 6.25 Vdc 
Io = 50 mAto1.0A 

Line Regulation (Note 2) mV 
9.0 to 21 Vdc 60 
8.0 to 25 Vdc (Ty = +25°C) 60 
9.0 to 13 Vde, Iq = 1.0A 30 
8.3 to 21 Vdc, Io = 1.0A(Ty = +25°C) 60 


Load Regulation (Note 2) 
5.0mA <I9 <1.0A 

5.0mA <I9 <1.5A(Ty = +25°C) 

250 mA < Io < 750 mA (Ty = +25°C) 


Output Voltage 
LM140 
9.0 < Vin S 21 Vdc, 5.0 MA < Ig <= 1.0 A, Pp = 15 W 
LM340 
8.0 < Vin < 21 Vdc, 6.0 mA = 


Quiescent Current 
Io = 10A 
LM140 
LM340 
LM140 (Ty = +25°C) 
LM340 (Ty = +25°C) 


Quiescent Current Change 

9.0 < Vin < 25 Vdc, IQ = 500 mA LM140 
8.0 < Vin < 25 Vdc, lo = 500 mA ~LM340 
5.0mA < 19 = 1.0A, Vin = 11V LM140, LM340 
9.0 < Vin < 21 Vdc, Ilo = 1.0A LM140 
8.6 < Vin < 21 Vdc, Io = 1.0A LM340 


Vdc 


1.0 A, Pp = 15 W~ 


lo = 


mA 


mA 


Ripple Rejection RR 
LM140 65 — 
LM340 59 — 
Io = 1.00 A (Ty = + 25°C) 
LM140 65 78 
59 78 


LM340 


— 
NSN 


te < 


mf 


Short-Circuit Current Limit (Ty = + 25°C) Isc 
Output Noise Voltage (Ta = + 25°C) , Vn 45 
10 Hz < f <= 100 kHz 
Average Temperature Coefficient of Output Voltage TCVO 
lo = 5.0 mA 


Peak Output Current ine + 25°C) 


Input Voltage to Maintain Line Regulation (Ty = +25°C) 
In = 10A 


NOTES: 
1. Tlow = ~— 55°C for LM140 Thigh = + 150°C for LM140 
= 0°C for LM340 + 125°C for LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A_ 


| LM140/340 — 8.0 
ELECTRICAL CHARACTERISTICS (Vj, = 14 V, Io = 500 mA, Ty = Tigw to Thigh (Note 1), unless otherwise noted). 


Characteristic —_— 


| eva 
| Output Voltage (Ty = + 25°C) 
| Io = 5.0mAto1.0A . 


Line Regulation (Note 2) Regline 
11 to 23 Vdc — 80 
80 
| - 
80 
80 
40 


10.5 to 25 Vde (Ty = +25°C) 
Vdc 
8.4 
8.4 


11 to 17 Vde, lo = 1.0A 
mA 


Unit 


10.5 to 23 Vde, Ig = 1.0A (Ty = +25°C) 


Load Regulation (Note 2) Regigoad 
50mMA<!I9 <10A 
5.0mMA <|19 = 1.5A (Ty = +25°C) 
Io = 750 mA (Ty = +25°C) 


Output Voltage 
LM140 
11.5 < Vin < 23 Vdc, 5.0 MA < I9 < 1.0A, Pp < 15 W 
LM340 
10.5 < Vin < 23 Vdc, 5.0 MA < Ig < 1.0A, Pp < 15 W 


Quiescent Current 
lo = 1.0A 
LM140 
LM340 
LM140 (Ty = +25°C) 
LM140 


LM340 (Ty = +25°C) 
Quiescent Current Change 
LM340 56 
puamene tek 
Short-Circuit Current Limit (Ty = = +25°C) 


Output Noise Voltage (Ta = +25°C) Vn 52 
10 Hz = f < 100 kHz 


ry 
< 


7.6 


| 


_ ta 
® Rh 
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mA 


11.5 < Vin < 25 Vde, Io = 500 mA LM140 
10.5 < Vin < 25 Vdc, Ig = 500 mA LM340 | 
5.0 mA <I9 <1.0A, Vin = 14V LM140, LM340 
11.5 < Vin < 23 Vdc, Ig = 1.0A LM140 

10.6 < Vin < 23 Vdc, IQ = 1.0A ~-LM340 


Ripple Rejection 
LM140 
LM340 

lo = 10A(Ty = +25°C) 


Vdc 


= 
NSN 


a 


Average Temperature Coefficient of Output Voltage TCVo 
lo = 5.0 mA 
Peak Output Current (Ty = +25°C) lo 
Input Voltage to Maintain Line Regulation (Ty = +25°C) 10.5 Vdc 
lo = 10A | 
NOTES: 
1. Tlow = ~— 55°C for LM140 Thigh = +150°C for LM140 
= 0°C for LM340 = +125°C for LM340 


2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 12 
ELECTRICAL CHARACTERISTICS (Vj, = 19 V, lo = 500 mA, Ty = Tigw to Thigh (Note 1), unless otherwise noted). 


Characteristic Symbol Min Typ Max Unit 
Output Voltage (Ty = + 25°C) Vo 11.5 12 12.5 Vdc 
Io = 5.0 mAto 1.0A 
Line Regulation (Note 2) Redline mV 
15 to 27 Vde 120 
14.6 to 30 Vde (Ty = +25°C) 120 
16 to 22 Vdc, Ilo = 1.0A 60 
14.6 to 27 Vde, lo = 1.00 A (Ty = +25°C) 120 
Load Regulation (Note 2) ReQload mV 
5.0mMA<IQ9 <1.0A 120 
5O0mMASIQ9 $1.5 A (TY = +25°C) 120 
250 mA < Io = 750 mA (Ty = +25°C) 60 


Output Voltage 
LM140 
15.5 < Vin = 27 Vdc, 5.0 mA <= Ilo = 1.0A, Pp = 15 W 
LM340 
14.5 < Vin < 27 Vdc, 5.0 mA = Ig = 1.0A, Pp = 15 W 


Quiescent Current 


LM140 (Ty = 
LM340 (Ty = 


Quiescent Current Change Alg 
15 = Vin = 30 Vdc, lo = 500 mA LM140 
14.5 < Vin = 30 Vdc, Iq = 500 mA LM340 
5.0 MA < !9 <= 1.0A, Vin = 19 V LM140, LM340 
<= Vjn = 27 Vdc, Io = 1.0A LM140 
14.8 < Vin < 27 Vdc, Io = 1.0A ~  _LM340 


Ripple Rejection . 
LM140 
LM340 
Io = 10 A(Ty = +25°C) 
LM140 
LM340 


Dropout Voltage 
Output Resistance (f = 1.0 kHz) a 


Short-Circuit Current Limit (Ty = +25°C) 


Output Noise Voltage (Ta = + 25°C) 
10 Hz s f < 100 kHz 


Average Temperature Coefficient of Output Voltage TCVO 
lo = 5.0mA 


Peak Output Current (Ty = +25°C) 


Input Voltage to Maintain Line Regulation (Ty = +25°C) mak: 


Io = 1.0A 


NOTES: 
1. Tlow = —55°C for LM140 Thigh 


+ 150°C for LM140 

+ 125°C for LM340 

2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140A/340A — 12 . | | a ae 
ELECTRICAL CHARACTERISTICS (Vj, = 19 V, Io = 1.0A, Ty = Tiow to Thigh (Note 1), unless otherwise noted). 


cg ge EM a me MI RL it 


Output Voltage (Ty = +25°C) 
lo = 5.0mAto 1.0A 


Line Regulation (Note 2) 
14.8 to 27 Vdc, Io = 500 mA 
14.5 to 27 Vde (Ty = +25°C) 
16 to 22 Vdc 
16 to 22 Vde (Ty = +25°C) 


Load Regulation (Note 2) 
5.0mA<!IQ9 =< 1.0A 
5.0mMA< 19 $1.5 A(T) = +25°C) 
250 mA < Io < 750 mA (Ty = +25°C) 


Output Voltage 
14.8 < Vin < 27 Vdc, 5.0 MA < Iq <= 1.0A, Pp < 15 W 


Quiescent Current 
(Ty = +25°C) 


Quiescent Current Change 


5.0 mA < 19 = 1.0A, Vin = 19 V 
15 < Vin < 30 Vdc, Io = 500 mA 
14.8 < Vin < 27 Vdc, Io = 1.0A (Ty = +25°C) 


Ripple Rejection 
15 < Vin = 25 Vdc, f = 120 Hz 
| 500 mA 
1.0 A, (Ty = +25°C) 


Dropout Voltage 
| Output Resistance (f = 1.0 kHz) 
Short-Circuit Current Limit (Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz < f < 100 kHz 


Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA 


Peak Output Current a + 25°C) 


NOTES: 
1. Tlow = —55°C for LM140A Thigh = + 150°C for LM140A 
= 0°C for LM340A = +125°C for LM340A 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 15 
ELECTRICAL CHARACTERISTICS (Vj, = 23 V,!9 = 500 mA, Ty = Tiow to Thigh (Note 1), unless otherwise noted). 


Characteristic 


Output Voltage (Ty = + 25°C) Vde 


Io = 5.0 mA to 1.0A 


Line Regulation (Note 2) 
18.5 to 30 Vdc 
17.5 to 30 Vde (Ty = +25°C) 
20 to 26 Vdc, Ig = 1.0A 

17.7 to 30 Vde, Ig = 1.0A (Ty = +25°C) 


Load Regulation (Note 2) 

50mA S19 =< 1.0A 

5.0mA <|l9 < 1.5 A (Ty = +25°C) 
250 mA < Io = 750 mA (Ty = + 25°C) 


Output Voltage Vo 
LM140 
18.5 < Vin < 30 Vdc, 5.0 mA < IQ < 1.0A, Pp = 15 W . 14.25 
LM340 
17.5 < Vin < 30 Vdc, 5.0 mA < IQ < 1.0A, Pp = 15 W 


ReGline 


Regioad 


ay. oe 
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Quiescent Current 
lo = 1.0A 
LM140 
LM340 
LM140 (Ty = +25°C) 
LM340 (Ty = 


Quiescent Current Change 


18.5 < Vin = 30 Vde, Io = 500 mA LM140 
17.5 < Vin < 30 Vdc, Ig = 500 mA LM340 
5.0 mA < 19 < 1.0A, Vin = 23 V LM140, LM340 
18.5 < Vin = 30 Vdc, IQ = 1.0A LM140 
17.9 < Vin < 30 Vde, lo = 1.0A LM340 


Ripple Rejection 
LM140 
LM340 
lo = 10A(Ty = +25°C) 
LM140 
LM340 


Output Resistance (f = 1.0 kHz) a c mQ 
Short-Circuit Current Limit (Ty = +25°C) Isc | — | 800 
Output Noise Voltage (Ta = + 25°C) Vn 
10 Hz = f = 100 kHz 
, Average Temperature Coefficient of Output Voltage TCVo 
Io = 5.0 mA 


3 
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Peak Output Current (Ty = +25°C) | lg 2.4 

Input Voltage to Maintain Line Regulation (Ty = +25°C) 17.7 Vdc 
lo = 1.0A 

NOTES: 

1. Tlow = — 55°C for LM140 Thigh = + 150°C for LM140 


7 = +125°C for LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in VQ due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 


5 ee ni PS is se 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-61 


LM140,A, LM340,A 


LM140A/340A — 15 . | . 
ELECTRICAL CHARACTERISTICS (V;, = 23 V, 19 = 1.0A, TJ = Tlow to Thigh (Note 1), unless otherwise noted). 


Characteristic Symbol 


Output Voltage (Ty = +25°C) Vo 14.7 15 15.3 Vdc 
lo = 5.0 mA to 1.0A 


Line Regulation (Note 2) Redline mV 
17.9 to 30 Vdc, lo = 500 mA 22 
17.5 to 30 Vde (Ty = +25°C) 22 
20 to 26 Vdc, Io = 1.0A 30 
20 to 26 Vdc, Io = 1.0A (Ty = +25°C) - 10 


Load Regulation (Note 2) Regioad 
50mA<IQ9 = 1.0A 

§50mA<19 = 1.5A (Ty = +25°C) 
250 mA < Ig = 750 mA (Ty = +25°C) 


Output Voltage 
17.9 < Vin < 30 Vdc, 5.0 mA = Ig = 1.0A, Pp < 15 W 


Quiescent Current 
(Ty = +25°C) 


Quiescent Current Change 
5.0mMA <IQ9 <1.0A, Vin = 23 V 

17.9 < Vin = 30 Vde, Iq = 500 mA 

<= Vin = 30 Vde, lo = 1.0A (Ty = +25°C) 


Ripple Rejection 
18.5 < Vin < 28.5 Vdc, f = 120 Hz 
lQo = 500 mA 
lo = 1.0A, (Ty = +25°C) 
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Dropout Voltage Vin - Vo Vdc 
Output Resistance (f = 1.0 kHz) rO mQ 
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Short-Circuit Current Limit (Ty = +25°C) Isc 


oo 


Output Noise Voltage (Ta = +25°C) pV 
10 Hz < f < 100 kHz . 

Average Temperature Coefficient of Output Voltage | TCVO 
lo = 5.0mA 


3 
> < 
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Peak Output Current (Ty = +25°C) 


Input Voltage to Maintain Line Regulation (Ty = + 25°C) f Vdc 
NOTES: 
1. Tlow = —55°C for LM140A_ —s Thigh = + 150°C for LM140A 


= O°C for LM340A = +125°C for LM340A 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 18 


ELECTRICAL CHARACTERISTICS (V;, = 27 V, lo = 500 mA, Ty = Tlow to Thigh (Note 1), unless otherwise noted). 


Characteristic 


Output Voltage (Ty = +25°C) 
Ig = 5.0 mAto1.0A 


Line Regulation (Note 2) 
21.5 to 33 Vdc 
21 to 33 Vde (Ty = +25°C) 
24 to 30 Vdc, Io = 1.0A 


21 to 33 Vdc, Iq = 1.0A (Ty = +25°C) 


Load Regulation (Note 2) 
5.0mA<!I9 = 1.0A 
5.0mA <!l9 < 1.5 A (Ty = +25°C) 
< < 


250 mA < Ig < 750 mA (Ty = +25°C) 
Output Voltage 
LM140 
22 < Vin < 33 Vdc, 5.0 mA <= Ig <= 1.0A, Pp = 15 W 
LM340 


21 < Vin < 33 Vdc, 5.0 MA = IQ < 1.0A, Pp = 15 W 


Quiescent Current | 
lo = 10A 


LM140 (Ty = +25°C) 
LM340 (Ty = 


Quiescent Current Change 


22 < Vin < 33 Vdc, Io = 500 mA LM140 
21 < Vin < 33 Vdc, Io = 500 mA LM340 
5.0mMA <I9 < 1.0A, Vin = 27 V LM140, LM340 


22 < Vin < 33 Vdc, Io = 1.0A LM140 
21 < Vin < 33 Vdc, Ip = 1.0A LM340 


Ripple Rejection 
LM140 
LM340 
Io = 1.0 A (Ty = +25°C) 
LM140 
LM340 


Dropout Voltage Vin - Vo 


Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz < f < 100 kHz 


Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA 


Peak Output Current (Ty = +25°C) 
Input Voltage to Maintain Line Regulation (Tj = + 25°C) 


lo = 10A 
NOTES: 
1. Tlow = ~55°C for LM140 Thigh = +150°C for LM140 
=  0°C for LM340 = +125°C for LM340 


Regload 


2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 24 . 
| ELECTRICAL CHARACTERISTICS (Vj, = 33 V, Io = 500 mA, Ty = Tigw to Thigh (Note 1), unless otherwise noted). 


Characteristic 


Output Voltage (Ty = +25°C) 
lo = 5.0 mA to 1.0A 


Line Regulation (Note 2) 
28 to 38 Vdc 

27 to 38 Vde (Ty = +25°C) 

30 to 36 Vdc, Ig = 1.0A 

27.1 to 38 Vde, Io = 1.0A(Ty = +25°C) 


Symbol 


w 


ReGline 


< 


Load Regulation (Note 2) 

50mA<I9 <1.0A 

5.0mA<19 <1.5A (Ty = +25°C) 
< 


Regload 


| 250 mA < IQ < 750 mA (Ty = +25°C) a 
! Output Voltage Vo Vde 
LM140 
28 < Vin < 38 Vdc, 5.0 mA < Ig < 1.0A, Pp < 15 W 22.8 25.2 
LM340 
27 S Vin S 38 Vdc, 5.0 MA < Ig < 1.0A, Pp < 15 W 22.8 25.2 


Quiescent Current 
lo = 10A 
LM140 
LM340 
LM140 (Ty = +25°C) 
LM340 (Ty = +25°C) 
Quiescent Current Change Alp 
28 < Vin < 38 Vdc, Iq = 500 mA LM140 
27 < Vin < 38 Vdc, lq = 500 mA LM340 
5.0 mA < 19 <= 1.0A, Vin = 33 V LM140, LM340 
28 < Vin < 38 Vde, lo = 1.0A LM140 
27.3 < Vin < 38 Vdc, Ilo = 1.0A LM340 


Ripple Rejection 
LM140 
LM340 

lo = 10A(Ty = +25°C) 
LM140 
LM340 


Dropout Voltage 


Output Resistance (f = 1.0 kHz) 
Short-Circuit Current Limit (Ty = +25°C) Isc 


Output Noise Voltage (Ta = +25°C) 
10 Hz < f < 100 kHz . 


Vin-Vo 
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Average Temperature Coefficient of Output Voltage TCV9Q 3,0 mvPC 

lo = 5.0 mA 
Peak Output Current (Ty = +25°C) ee ee 
Input Voltage to Maintain Line Regulation (Ty = +25°C) 27.1 — | Vdc 

lo = 10A 
NOTES: 
1. Tliow = — 55°C for LM140 Thigh = + 150°C for LM140 

= 0°C for LM340 = +125°C for LM340 


2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A _ 


VOLTAGE REGULATOR PERFORMANCE 
The performance of'a voltage regulator is specified 


by its immunity to changes in load, input voltage, power . 


dissipation, and temperature. Line and load regulation 
are tested with a pulse of short duration (< 100 ys) and 
are strictly a function of electrical gain. However, pulse 
widths of longer duration (> 1.0 ms) are sufficient to 
affect temperature gradients across the die. These tem- 
perature gradients can cause a change in the output 
voltage, in addition to changes caused by line and load 
regulation. Longer pulse widths and thermal gradients 
make it desirable to specify thermal regulation. 
Thermal regulation is defined as the change in output 
voltage caused by a change in dissipated power for a 
specified time, and is expressed as a percentage output 
voltage change per watt. The change in dissipated 


FIGURE 1 — LINE AND THERMAL REGULATION 
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power can be caused by a ‘change in either the input 
voltage or the load current. Thermal regulation is a func- 
tion of IC layout and die attach techniques, and usually 
occurs within 10 ms of a change in power dissipation. 
After 10 ms, additional changes in the output voltage 
are due to the temperature coefficient of the device. 
Figure 1 shows the line and thermal regulation re- 
sponse of a typical LM140AK-5.0 to a 10 watt input 
pulse. The variation of the output voltage due to line 
regulation is labeled © and the thermal regulation com- 
ponent is labeled ©. Figure 2 shows the load and ther- 
mal regulation response of a typical LM140AK-5.0 to a 
15 watt load pulse. The output voltage variation due to 


load regulation is labeled © and the thermal regulation 
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component is labeled ©. 


FIGURE 2 — LOAD AND THERMAL REGULATION 
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FIGURE 6 — RIPPLE REJECTION versus 
FIGURE 5 — RIPPLE REJECTION versus FREQUENCY | ' OUTPUT CURRENT 
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FIGURE 12 — LOAD TRANSIENT RESPONSE 


FIGURE 11 — LINE TRANSIENT RESPONSE 
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FIGURE 14 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 1) 
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Design Considerations 
The LM140 Series of fixed voltage regulators are de- 
signed with Thermal Overload Protection that shuts 


down the circuit when subjected to an excessive power .. 


overload condition, Internal Short-Circuit Protection 
that limits the maximum current the circuit will pass, 
and Output Transistor Safe-Area Compensation that re- 
duces the output short-circuit current as the voltage 
across the pass transistor is increased. 

In many low current applications, compensation ca- 
pacitors are not required. However, it is recommended 
that the regulator input be bypassed with a capacitor 
if the regulator is connected to the power supply filter 


FIGURE 15 — CURRENT REGULATOR 


LM140-5.0 
Constant 


= Current to 


io. Grounded Load 


These regulators can also be used as a current source when 
connected as above. In order to minimize dissipation the 
LM140-5.0 is chosen in this application. Resistor R determines 
the current as follows: 


5.0 V 
lo=——- +l 


IQ = 1.5 mA over line and load changes 


For example, a 1-ampere current source would require R to be 
a 5-ohm, 10-W resistor and the output voltage compliance 
would be the input voltage less 7.0 volts. 


FIGURE 17 — CURRENT BOOST REGULATOR 


MJ2955 or Equiv. 


Input 


Output 


The LM140 series can be current boosted with a PNP transistor. 
The MJ2955 provides current to 5.0 amperes. Resistor R in 
conjunction with the Vpg of the PNP determines when the pass 
transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased 
by Vee of the pass transistor. 


“APPLICATIONS INFORMATION. — 


with long wire lengths, or if the output load capacitance 


- is large. An input bypass capacitor should be selected 


to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or 
larger tantalum, mylar, ar other capacitor having low 
internal impedance at high frequencies should be cho- 
sen. The bypass capacitor should be mounted with the 
shortest possible leads directly across the regulators 
input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead re- 
sistance drops since the regulator has no external sense 
lead. 


FIGURE 16 — ADJUSTABLE OUTPUT REGULATOR 


i. LM140-5.0 = 


Output 


Input 


Vo, 7.0Vto20V. = 
VIN - Vo = 2.0 V 


The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation char- 
acteristics. The minimum voltage obtainable with thi arrange- 
ment is 2.0 volts greater. than the regulator voltage. 


FIGURE 18 — SHORT-CIRCUIT PROTECTION 


MJ2955 
or Equiv. 


Input 


2N6049 
or Equiv. 


Output 


The circuit of Figure 17 can be modified to provide supply 
protection against short circuits by adding a short-circuit sense 
resistor, Pge, and an additional PNP transistor. The current 
sensing PNP must be able to handle the short-circuit current 
of the three-terminal regulator. Therefore, a four-ampere plas- 
tic power transistor is specified. 
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Specifications and Applications 
Information 


3-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 


The LM150/250/350 are adjustable 3-terminal positive voltage 
regulators capable of supplying in excess of 3.0 A over an output 
voltage range of 1.2 V to 33 V. These voltage regulators are excep- 
tionally easy to use and require only two external resistors to set the 
output voltage. Further, they employ internal currentlimiting, 
thermal shutdown and safe area compensation, making them 
essentially blow-out proof. 

The LM150 series serve a wide variety of applications including 
local, on card regulation. This device also makes an especially 
simple adjustable switching regulator, aprogrammable output 
regulator, or by connecting a fixed resistor between the adjustment 
and output, the LM150 series can be used as a precision current 
regulator. 


Guaranteed 3.0 Amps Output Current 
Output Adjustable between 1.2 V and 33 V 

Load Regulation Typically 0.1% 

Line Regulation Typically 0.005%/V 

Internal Thermal Overload Protection . 
Internal Short-Circuit Current Limiting Constant with Temperature 
Output Transistor Safe-area Compensation 

Floating Operation for High Voltage Applications 

Standard 3-lead Transistor Packages 
Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


LM150 


* = Cip is required if regulator is located an appreciable distance from power 
supply filter. 
tks Cy is not needed for stability, however it does improve transient 
response. 


R2 
Vout = 1-25 V (1 + ay + \adj R2 


Since lagj is controlled to less than 100 WA, the error associated with this 


term is negligible in most applications 


3-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 
TO-204AA 
(TO-3) 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A-02 
TO-220AB 


Pin 1) Adjust 
Pin 2 Vout 
Pin3 

~ Vin 


Heatsink surface connected 
to Pin 2 


ORDERING INFORMATION 


LM150K Ty = -55°C to +150°C Metal Power 
LM250K Ty = -25°C to +150°C Metal Power 
LM350K Ty = O°C to +125°C Metal Power 
LM350T Ty = O°C to +125°C 


Plastic Power 
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MAXIMUM RATINGS 


Rating Value 

Input-Output Voltage Differential 35 
Power Dissipation . Internally Limited | 
Operating Junction Temperature Range LM150 -55 to +150 

LM250 -25 to +150 

Oto +125 

Storage Temperature Range -65 to +150 
Soldering Lead Temperature (10 seconds) 300 


ELECTRICAL CHARACTERISTICS (Unless otherwise specified, V|-Vo = 5.0 V; IL = 1.5A; Ty = Tiow to Thigh: Pmax 


[see Note 1].) 


Line Regulation (Note 2) 
TA = 25°C, 3.0 V < Vi-Vg < 35 V 


Load Regulation (Note 2) 
Ta = 25°C, 10 mA <1, <3.0A 
Vo = 5.0 V 
Vo = 5.0 V 


Thermal Regulation, Pulse = 20 ms, 
TA = 25°C 
Adjustment Pin Current 


Adjustment Pin Current Change 
3.0V < Vi-Vo = 35 V 
10mA s I = 3.0 A, Pp Ss Pmax 


Reference Voltage (Note 3) 
3.0V<Vi-Vo <= 35 V 


Load Regulation (Note 2) 
10 mA <1, <$3.0A 
Vo = 5.0V 
Vo = 5.0 V 


Temperature Stability (Tiow < Ty igh) 


Minimum Load Current to 3 
Maintain Regulation (Vj-Vo = 35 V) 


Maximum Output Current 
Vi-Vo = 10 V, Pp << Pmax 
Vi-Vo = 30 V, Pp = Pmax. TA = 25°C 


RMS Noise, % of Vo 
Ta = 25°C, 10 Hz < f = 10 kHz 


Ripple Rejection, Vo = 10 V, f = 120 Hz 
(Note 4) 
Without Cag; 
CAdj = 10 uF 


Thermal Resistance Junction to Case 
Peak (Note 6) K Package (TO-3) 

T Package (TO-220) 

K Package (TO-3) 

T Package (TO-220) 


Average (Note 7) 


NOTES: 
(1) Tlow = —55°C for LM150 
~ 25°C for LM250 
0°C for LM350 
Pmax = 30 W for K suffix (TO-3) 
Pmax = 25 W for T suffix (TO-220) 
(2) Load and line regulation are specified at constant junction temper- 
ature. Changes in Vo due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used. 
(3) Selected devices with tightened tolerance reference voltage available. 
(4) Caqj, when used, is connected between the adjustment pin and 
ground. 


+ 150°C for LM150 
+ 150°C for LM250 
+ 125°C for LM350 


Thigh 


LM350 


0.01 


ad 

Nh 
— 
° 
o 


ned 
Nn 


— 
Ww 
oO 


(5) Since Long-Term Stability cannot be measured on each device be- 
fore shipment, this specification is an engineering estimate of av- 
erage stability from lot to fot. 

(6) Thermal Resistance evaluated measuring the hottest temperature 
on the die using an infrared scanner. This method of evaluation 
yields very accurate thermal resistance values which are conser- 
vative when compared to other measurement techniques. 

(7) The average die temperature is used to derive the value of thermal 
resistance junction to case (average). 
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SCHEMATIC DIAGRAM 


12k 

EF 

8 k 
ie i 


FIGURE 1 — LINE REGULATION AND Alggj/LINE TEST CIRCUIT 


i 


VOH-VOL : 


Line Regulation (%/V) = 
: VOL 


Vout 
O 


*Pulse Testing Required: 
1% Duty Cycle 
is suggested. 
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FIGURE 2 — LOAD REGULATION AND Alggqj/LOAD TEST CIRCUIT 


VO (min. Load) ~ VO (max. Load) : 


Load Regulation (% VQ) = 100 


VO (min. Load) VO (min. Load) 


Load Regulation (mV) = VO (min. Load) — VO (max. Load) | | Votives asad 
M150 O Gy 
Vout 
. Rt 
. (max. Load) 
Q Adjust Ry > 240 RL 
1% (min. Load) 
(‘ai i 


Ra 
1% 


*Pulse Testing Required: LL 
1% Duty Cycle is suggested. — 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro: 
Pulse Testing Required: _ Vo = Iset R2 + 1.250 V 
1% Duty Cycle is suggested. Assume IseT = 5.25 mA 


FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT 
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FIGURE 6 — CURRENT LIMIT 


FIGURE 5 — LOAD REGULATION 
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FIGURE 8 — DROPOUT VOLTAGE 
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FIGURE 7 — ADJUSTMENT PIN CURRENT 
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FIGURE 10 — MINIMUM OPERATING CURRENT 


FIGURE 9 — TEMPERATURE STABILITY 
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FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURRENT 
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FIGURE 13 — RIPPLE REJECTION versus FREQUENCY FIGURE 14 — OUTPUT IMPEDANCE 
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FIGURE 15 — LINE TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM150 is a 3-terminal floating regulator. In opera- 
tion, the LM150 develops and maintains a nominal 1.25 
volt reference (Vref) between its output and adjustment 
terminals. This reference voltage is converted to a pro- 
gramming current (IPROG) by R1 (see Figure 17), and 
this constant current flows through R2 to ground. The 
regulated output voltage is given by: 


R2 
Vout = Vref (1 + Rl) + IAgj R2 


Since the current from the adjustment terminal (1Aqj) 
represents an error term in the equation, the LM150 was 
designed to control |Aqj to less than 100 pA and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require- 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM150 is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


IAdj 


Vref = 1.25 V TYPICAL 


LOAD REGULATION 

The LM150 is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 pF disc or 1 uF tantalum input bypass capacitor 
(Cin) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (CAD J) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 pF capacitor should improve ripple 
rejection about 15dB at 120 Hz in a 10 volt application. 

Although the LM150 is stable with no output capaci- 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci- 
tance (Cg) in the form of a 1 uF tantalum or 25 uF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 


PROTECTION DIODES 

When external capacitors are used with any 1.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 18 shows the LM150 with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Co > 25 uF, Capy > 10 UF). 
Diode Dj prevents Co from discharging thru the 1.C. 
during an input short circuit. Diode D2 protects against 
capacitor Cap discharging through the I.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents CapJ from discharging through the I.C. 
during an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 
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FIGURE 19 — “LABORATORY” POWER SUPPLY WITH ADJUSTABLE 
CURRENT LIMIT AND OUTPUT VOLTAGE 


De 


IN4002 
lo 
Voutt Rsc | —— 
Vo 


Ds 1 WF 


+ 
. D, IN4001 Tantalum 
C Adjust 1 IN4001 O | 


Adjust 2 " 
K 1IN4001 


Current ‘ D Voltage. TO BF 
Limit 2 Adjust 


Vref Adjust 1IN4001 


lOmax + lpss Q4 D3 


2N3822 
_ 1.25 V 


lOmax + 'Dss 
sl D4 OUTPUT RANGE: 


O< Vo < 25V 
IN4001 O 
-10V Qo Oo< los 3A 


Diodes D4 and Do and transistor Q> are added to allow adjustment 2N5640 ae a 
of output voltage to O volts. 


Dg protects both LM150s during an input short circuit. O 


| FIGURE 20 — ADJUSTABLE CURRENT LIMITER FIGURE 21 — 5 V ELECTRONIC SHUT DOWN REGULATOR 


D4 
1N4002 
Vout 
LM150 O 


D4 
IN4001 


** To provide current limiting of Ig 100 Do 
to the system ground, the source of IN4001 
the FET must be tied to a negative 
voltage below - 1.25 V. 


Control 
2N5640 


Minimum Vout = 1.25 V 


Vo < BVpss +1.25V+Vss 


'Lmin ~ 'pss <!g < 3A 
As shown 0< 1g < 2A 


D4 protects the device during an input short circuit. 


FIGURE 23 —- CURRENT REGULATOR 
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Specifications and Applications 
Information 


NEGATIVE VOLTAGE REGULATOR 


The MC1563/MC1463 is a ‘‘three terminal’ negative regulator designed to deliver con- 
tinuous load current up to 500 mAdc and provide a maximum negative input voltage of 
~—40 Vdc. Output current capability can be increased to greater than 10 Adc through use 
of one or more external transistors. 

Specifications and performance of the MC1563/MC1463 Negative Voltage Regulator are 
nearly identical to the MC1569/MC1469 Positive Voltage Regulator. For systems re- 
quiring both a positive and negative power supply, these devices are excetlent for use as 
complementary regulators and offer the advantage of operating with a common input 
ground. 

The MC1563R/MC1463R case can be mounted directly to a grounded heat sink which 
eliminates the need for an insulator. 


e Case is at Ground Potential (R package) 

Electronic “Shutdown” and Short-Circuit Protection 

Low Output Impedance — 20 Milliohms typical 

High Power Capability — 9.0 Watts 

Excellent Temperature Stability - AVQ/AT = + 0.002%/°C typical 
High Ripple Rejection — 0.002% typical 

500 mA Current Capability 


FIGURE 1 — TYPICAL CIRCUIT CONNECTION 
(|-3.5| < VQ <|-37| Vde, 1 <1, <500 mA) 


MC1563R 
MC 1463R 


Select Ra to Give Desired VQ: Ra = (2'VQi-7) kQ 


FIGURE 3 — +15 V, +400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 


500 mA max 
Vo 
9 +15 Vie 
+ 
1N4001 10 uF 
ar Equiv 
Vin or Equiv 
+20 Vile MC 1569R 
MC 1469R 
(POSITIVE 
REGULATOR) 


1N4001 
or Equiv 


MC 1563R 
Vin MC 1463R 
20 Vde 500 mA max 


(NEGATIVE 
REGULATOR) 


FIGURE 2 — TYPICAL NPN CUR RENT BOOST CONNECTION 
(Vo = 5.2 Vde, IL = 10 Adc [max] ) 


MC1463 
MC1563 


NEGATIVE-POWER-SUPPLY 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 603-04 


R SUFFIX 
METAL PACKAGE 
CASE 614-02 


MC 1563R 
MC 1463R 


Zo = 5.0 milliohms VQ = -5.2 Vde 


0° C to +709 C 


MC1563G —55°C to 125°C 


MC1563R 55°C to +125°C 
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MAXIMUM RATINGS (Tc = +25°C unless otherwise noted.) 


| Input Voltage 
MC1463 —35 
| MC1563 —40 


Load Current — Peak 
Current, Pin 2 


Power DiS ipation and Thermal Characteristics 
Ta = 25°C 
Derate above Ta = 25°C 
Thermal Resistance, Junction to Air 
Tc = 25°C 
Derate above Tc = 25°C 
Thermal Resistance, Junction to Case 


Operating and Storage Junction Temperature 
Range 


OPERATING TEMPERATURE RANGE 


Operating Ambient Temperature Range 
MC1463 0 to +70 
MC1563 -55 to +125 


Characteristic 


Input Voltage . 
(Ta = Tlow ® to Thigh @ I, = 1.0 mA) 


Output Voltage Range (I; = 1.0 mA) 4 —3.6 
Reference Voltage (Pin 1 to Ground) 


Minimum tnput-Output Voltage Differential 2 Vin - Vo 
(Rec _ QO) 


" 
—3.8 dc 
3.0 dc 
ae ~ 
a a ae 


=e 


sail 


0.003 | 0.030] %/Vo 


2.4 
0. ce 0.05 
0.01 0.13 
Output Impedance (f = 1.0 kHz) oo 
Shutdown Current 14 pwAdc 
(Vy = -35 Vdc) 


® Tiow = O°C for MC1463 @ Thigh = +70°C for MC1463 Heat sink required for Thigh testing of ““G"’ package. 
= -§5°C for MC1563 = +125°C for MC1563 


oO 


Bias Current (Standby Current) 4 
(ly = 1.0 mAdc, Iyg = ty) — iL) 


Output Noise VN 
(Cy = 0.1 uF, f= 10 Hz to 5.0 MHz) 


Temperature Coefficient of Output Voltage 


Operating Load Current Range 
(Rsc = 0.3 ohm) R Package 
(Rgc¢ = 2.0 ohms) G Package 


= 1.0 Vrms, f = 1.0 kHz) 


I+ 
oO 
=) 
[o) 
NO 


Input Regulation (Van 


= ~) J 
ro) 


Load Regulation 
(Ty = Constant [1.0 mA Si, < 20 mA}) 
(To = +25°C [1.0 mA <1, <50 mA]) R Package 
. G Package 
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Note 1. “Minimum Input Voltage”’ is the minimum “total instanta- 
neous input voltage” required to properly bias the internal 


zener reference diode. 


Note 2. This parameter states that the MC1563/MC1463 will regu- 
late properly with the input-output voltage differential 
IV; — Vol as low as 2.7 Vde and 3.0 Vdc respectively. 
Typical units will regulate properly with |V; — Vol] as low 


as 1.5 Vdc as shown in the typical column. 


Note 3. ‘‘Temperature Coefficient of Output Voltage’ is defined 
as: 
+ (VQ max -- VQ min) (100) 
AVQ/AT = ——_— 
A Tp (Vo @Ta - +25°C) 


where A Ta = +180°C for the MC1563 
+75°C for the MC1463 


The output-voltage adjusting resistors (Ra and Reg) must 
have matched temperature characteristics in order to main- 
tain a constant ratio independent of temperature. 


Note 4. 
per volt change in the input voltage and is expressed as 


Input regulation is the percentage change in output voltage 


Note 5. 


Note 6. 


Vo 
Vo (V1) 


where Vo is the change in the output voltage Vo for the 
input change vin. 


Input Regulation = 100 (%/Vo). 


The following example illustrates how to compute maxi- 
mum output voltage change for the conditions given: 
Regjn = 0.015%/Vo 
Vo = 10 Vde 
Vin = 1.0 V(rms) 
ie (Regline) (Vy) (Vo) 
100 | 
_ (0.015)(1.0)(10) 
100 
= 0.0015 Vi(rms) 


Vo 


Temperature drift effect must be taken into account 
separately for conditions of high junction temperature 
changes due to the thermal feedback that exists on the 
monolithic chip. 


—— VOli, = 1.0 mal YOliL = 50 mal 
Load Regulation = x 


Voli, = 1.0 ma| 
Not to exceed maximum package power dissipation. 


TEST CIRCUITS 
(ly = 100 mAdc, Tc = +25°C unless otherwise noted.) 


FIGURE 4 — GENERAL TEST CIRCUIT 
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FIGURE 6 — LOAD REGULATION 
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FIGURE 5 — LOAD TRANSIENT RESPONSE 
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FIGURE 8 — SHUTDOWN CURRENT 
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GENERAL DESIGN INFORMATION 


1. Output Voltage, Vo 
a) Output Voltage is set by resistors Ra and Rp (see Figure 9). 
Set Rpg = 6.8 k ohms and determine Ra from the graph of 
Figure 11 or from the equation: 


Ra © (2 |Vo|-7) ka 


b) Output voltage can be varied by making Ra adjustable as 
shown in Figures 9 and 10. 


c) Output voltage, Vq, is determined by the ratio of Ra and Rp 
therefore optimum temperature performance can be achieved 
if Ra and Re have the same temperature coefficient. 


d) Vo = Vreg (1 + Ra); therefore the tolerance on 
RB 
output voltage is determined by the tolerance of Vref and 
Ra and Rep. 
2. Short-Circuit Current, Isc 

Short-Circuit Current, Igc is determined by Rgc. Rego may 
be chosen with the aid of Figure 11 when using the typical 
circuit connection of Figure 9. See Figure 27 for current 
limiting during NPN current boost. 


3. Compensation, C, 

A 0.001 wF capacitor (Co, see Figure 9), will provide 
adequate compensation in most applications, with or without 
current boost. Smaller values of Ce, will reduce stability and 
larger values of C, will degrade pulse response and output 
impedance versus frequency. The physical location of Co 
should be close to the MC1563/MC1463 with short lead 
lengths. | 


4. Noise Filter Capacitor, C, 


A 0.1 uF capacitor, Cy, from Pin 3 to ground will typically 
reduce the output noise voltage to 120 uVi(rms). The value 
of Cy, can be increased or decreased, depending on the noise 
voltage requirements of a particular application. A minimum 
value of 0.001 uF is recommended. 


5. Output Capacitor, Co 
The value of Cy should be at least 10 uF in order to provide 
good stability. 


6. Shutdown Control 

One method of turning “OFF” the regulator is to draw 1 mA 
from Pin 2 (See Figure 8). This control can be used to 
eliminate power consumption by circuit loads which can be 
put in “‘standby’’ mode. Examples include, an ac or dc 
“squelch” control for communications circuits, and a dissi- 
pation control to protect the regulator under sustained out- 
put short-circuiting. As the magnitude of the input-threshold 
voltage at Pin 2 depends directly upon the junction temper- 
ature of the integrated circuit chip, a fixed dc voltage at Pin 2 
will cause automatic shutdown for high junction temper- 
atures (see Figure 35). This will protect the chip, independ- 
ent of the heat sinking used, the ambient temperature, or 
the input or output voltage levels. Standard logic levels of 
MECL, MRTL, MDTL or MTTL can also be used to 
turn the regulator “ON” or “‘OFF” (see Figures 30 and 31). 


7. Remote Sensing 
The connection to Pin 8 can be made with a separate lead 
direct to the load. Thus, “remote sensing’ can be achieved 
and the effect of undesired impedances (including that of 
the milliammeter used to measure |,_) on Zg can be greatly 
reduced (see Figure 33). 


MECL, MDTL, MRTL, and MTTL are Trademarks of Motorola inc. 


VI 


Ra, RESISTANCE (ko2) 


Isc, SHORT-CIRCUIT LOAD CURRENT (mA) 


FIGURE 9 — TYPICAL CIRCUIT CONNECTION 
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FIGURE 10 — Ra versus Vg 
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TYPICAL CHARACTERISTICS | 

Cy = 0.1 MF, Co = 0.001 uF, Co = 10 uF, Tc = +25°C, 

Vi (nom) = -15 Vdc, Vo(nom) = -10 Vde, IL = 100 mAdc. 

FIGURE 12 — TEMPERATURE DEPENDENCE FIGURE 13 — FREQUENCY DEPENDENCE 
OF SHORT-CIRCUIT LOAD CURRENT >” OF OUTPUT-IMPEDANCE - 


Unless otherwise noted: 
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FIGURE 16 — CURRENT LIMITING CHARACTERISTICS 
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“It, LOAD 
CURRENT (mA) 


Vg, OUTPUT VOLTAGE (VOLTS) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 17 — BIAS CURRENT versus INPUT VOLTAGE 


lig, BIAS CURRENT (mAde) 


Vin, INPUT VOLTAGE (Vdc) 


FIGURE 19 — EFFECT OF INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 


Regline, INPUT REGULATION (%/V jn) 


IV} — Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 21 — LOAD TRANSIENT RESPONSE 
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FIGURE 18 — EFFECTS OF LOAD CURRENT 
ON INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 20 — INPUT TRANSIENT RESPONSE 
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FIGURE 22 —-DC OPERATING AREA 
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OPERATION AND APPLICATIONS 


This section describes the operation and design of the MC1563 (MC1463) negative voltage regulator and also 


provides information on useful applications. 


SUBJECT SEQUENCE INDEX 


Specification Pg. No. 


Theory of Operation 7 
NPN Current Boosting 9 
PNP Current Boosting 10 
Positive and Negative Power Supplies 1] 
Shutdown Techniques 11 
Voltage Boosting 12 


THEORY OF OPERATION 


The usual series voltage regulator shown in Figure-23, 
consists of a reference voltage, an error amplifier, and a 
series control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer- 
ence, there are two options. The first is to use a resistive 


Specification Pg. No. 


Remote Sensing 12 
An Adjustable Zero-Temperature-Coefficient 13 


Voltage Source 


Thermal Shutdown 13 
Thermal Considerations 13 
PC Board Layout and Information 15 


divider across the output and compare only a fraction of. 


the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at high voltage levels. 

The alternative is to eliminate the resistive divider and 
to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational amplifier as 
shown in Figure 24. The gain-determining resistors may 
be external, enabling a wide rz1ge of output voltages. This 


FIGURE 23 — SERIES VOLTAGE REGULATOR 


Series Control Element 


Reference 
+ 
Voltage 


Amplifier 


Error 


is exactly the same approach used in the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this ‘‘regulator” is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com- 
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 
are buffered to the extent that they have virtually no effect 
on the reference amplifier. If the feedback resistors are 
external (as they are on the MC1563) a wide range of 
reference voltages can be established. 

The error amplifier can now be operated at unity gain 
to provide excellent regulation. In fact, this “‘regulator- 
within-a-regulator” concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap- 
proach was used in the design of the MC1563 negative 
voltage regulator. 


FIGURE 24 — THE “REGULATOR-WITHIN-A-REGULATOR” APPROACH 
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| FIGURE 25 
. (Recommended External Circuitry is Depicted With Dotted Lines.) 
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Complete Circuit Schematic: 


i Output 
08 

Sense 

Compensation 

07 


O€ 
Current Limit 95 


MC1563 (MC1463) Operation 


Figure 25 shows the MC1563 (MC1463) Negative Reg- 
ulator block diagram, simplified schematic, and complete 
schematic. The four basic sections of the regulator are: 
Control, Bias, DC Level Shift, and Output (unity gain) 
Regulator. Each section is detailed in the following para- 


input voltage. It makes use of two zener diodes having 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a 
resistor (60 k&2) and permits the regulator to initially 
achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 


graphs. a source. When the reference zener enters breakdown, the 
Control auxiliary zener is isolated from the rest of the regulator 

The control section involves two basic functions, start- circuitry by a diode disconnect technique. This is necessary 
up and shutdown. . A start-up function is required since to keep the added noise and ripple of the auxiliary zener 
the biasing is essentially independent of the unregulated from degrading the performance of the regulator. 
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The shutdown control, in effect, consists of a PNP tran- 
sistor across the reference zener diode. When this transistor 
is turned “ON”’, via Pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut- 
down. During shutdown the current drain of the com- 
plete IC regulator drops to Vjn/60 kQ or 500 wA for a 
-30 V input. 


Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co- 
efficients of forward biased diodes in.a ratio determined 
by the resistors in the diode string. The result is a refer- 
ence voltage of approximately -3.5 Vdc with a typical 
temperature coefficient of 0.002%/°C. In addition, this 
circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 


DC Level Shift 


The reference voltage is used as the input toa Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a 
conventional operational amplifier. Consequently, negative 
feedback can be employed using two external resistors (RA 
and Rp) to set the closed-loop gain and to boost the refer- 
ence voltage to the desired output voltage. A capacitor, 
Cn, is introduced externally into the level shift network 
(via Pin 3) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 uF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 uF minimum) 
may be used but will cause a slight increase in output 
noise. Larger values of Cy will reduce the noise as well as 
delay the start-up of the regulator. 


Output Regulator 


The output of the shift amplifier is fed internally to the 
noninverting input of the output error amplifier. The 


FIGURE 26 — TYPICAL NPN CURRENT BOOST CONNECTION 


MC1563R 
MC1463R 


2N3771 
or Equiv 


inverting input to this amplifier is the Output Sense con- 
nection (Pin 8) of the regulator. A Darlington connected 
NPN power transistor is used to handle the load current. 
The short-circuit current limiting resistor, Rgc, is con- 
nected in the emitter of this transistor to sample the full 
load current. This connection enables a four-diode string 
to limit the drive current to the power transistors in a 
conventional manner. 

Stability and Compensation 


As has been seen, the MC1563 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of frequency instability due to excessive phase shift at high 
frequencies. Since the error amplifier is normally used at 
unity gain (the worst case for stability) a high impedance 
node is brought out for compensation. For normal oper- 
ation, a capacitor is connected between this point (Pin 7) 
and Pin5. The recommended value of 0.001 uF will insure 
stability and still provide acceptable transient response 
(see Figure 21). It is also necessary to use an output ca- 
pacitor, Co, (typically 10 uF) directly from the output (Pin 
6) to ground. When an external transistor is used to boost 
the current, Co = 100 wF is recommended (see Figure 26). 


NPN CURRENT BOOSTING 


For applications requiring more than 500 mA of load 
current, or for minimizing voltage variations due to tem- 
perature changes in the IC regulator arising from changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 2 or 26, are recommended. The circuit 
shown in Figure 26 can supply up to approximately 4.0 
amperes (subject to safe area limitations). At higher cur- 
rents the Vpp of the pass transistor may itself exceed the 
threshold of the current limit even for Rgc = 0. Figure 2 
illustrates the use of an additional external diode from Pin 
4 for higher current operation or for pass transistors ex- . 
hibiting higher Vpp’s. It will probably be necessary to 
determine Rgc experimentally for each case where a pass 
transistor is used because VpF varies from device to device. 


The circuit of Figure 26 when set up for a -10 V output 


FIGURE 27 — Isc versus Rgc (REFERENCE FIGURE 26) 
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MC1563R 
MC1463R 


or 


0.02 25 W 


(RA = 13 kQQ.) supply and operating with a - 15 V input, 
with a Rgc of 0.1 &2, will yield a change in output voltage 
of only 26 mV over a load current range of from 1 mA 
to 3.5 A. This corresponds to a dc output impedance 
of only 7.5 milliohms or a percentage load regulation of 
0.26% for a full 3.5-ampere load current change. Figure 27 
indicates how the short circuit current varies with the value 
of Rse for this circuit. 


PNP CURRENT BOOSTING 


A PNP power transistor can also be used to boost the 
load current capabilities. To improve the efficiency of the 
PNP boost configuration, particularly for small output 
voltages, the circuit of Figure 28, is recommended. An 
auxiliary -9 volt supply is used to power the IC regulator 
and the heavy load current is obtained froma second supply 
of lower voltage. For the 10-ampere regulator of Figure 


+20 Vdc 


MJ3101 


2N3055 or Equiv 


or Equiv 
Vo=tSvV 


FIGURE 28 — PNP CURRENT 
BOOST CONNECTION 


Equiv 


28 this represents a savings of 22 watts when compared 
with operating the regulator from the single -9 V supply. 
It can supply current to 10 amperes while requiring an 
input voltage to the collector of the pass transistor of -6.8 
volts minimum. The pass transistor is limited to 10 amperes 
by the added short-circuit current network in its emitter 
(Rsc2) and the IC regulator is limited to 500 mA in the 
conventional manner (Rsc1). The MJ450 exhibits a min- 
imum hfFE of 20 at 10 amperes, thus requiring only 500 
mA from the MC1563R. Regulation of this circuit is com- 
parable to that of the NPN boost configuration. 


For higher output voltages the additional unregulated 
power supply is not required. The collector of the PNP 
boost transistor can tie directly to Pin 5 and the internal 
current limit circuit will provide short-circuit protection 
using Rgc (see Figure 11). Transistor Q2 and Rge? will 
not be required and Pin 2 should be returned to ground. 
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FIGURE 29 — A +15 Vdc COMPLEMENTARY TRACKING REGULATOR WITH AUXILIARY +5.0 V SUPPLY 
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Voc 0 +5 Vde 


FIGURE 30 — SATURATED LOGIC 
LEVEL SHUTDOWN CIRCUIT 
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POSITIVE AND NEGATIVE POWER SUPPLIES 


If the MC1563 is driven from a floating source it is 
possible to use it as a positive regulator by grounding the 
negative output terminal. The MC1563 may also be used 
with the MC1569 to provide completely independent 
positive and negative power regulators with comparable 
performance. When used in this manner a silicon diode 
such as the 1N4001 must be connected as a clamp on the 
output with the cathode to ground and the anode to the 
negative output voltage. This is to prevent the positive 
voltage in the system from forcing the output to a positive 
value and preventing the MC1563 from starting up. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simulta- 
neously, and variations in the magnitudes of the two volt- 
ages track. Figures 3 and 29 illustrate this approach. In 
this application, the MC1563 is used as the reference regu- 
lator, establishing the negative output voltage. The MC1569 
positive regulator is used in a tracking mode by grounding 
one side of the differential amplifier (Pin 6 of the MC1569) 
and using the other side (Pin 5 of the MC1569) to sense 
the voltage developed at the junction of the two 3 k-ohm 
resistors. This differential amplifier controls the MC1569 
series pass transistor such that the voltage at Pin 5 will be 
zero. When the voltage at pin 5 equals zero, +|VoQ| must 
equal - | Vo]. 

For the configuration shown in Figure 29, the level 
shift amplifier in the MC1569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-ampere 
capability by QI and Q2. (The +5-volt supply, as shown, 


FIGURE 31 — MECL LOGIC 
LEVEL SHUTDOWN CIRCUIT 


VEEO -5.2 Vdc 
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is not short-circuit protected.) The -15-volt supply varies 
less than 0.1 mV over a zero to -300 mAdc current range 
and the +15-volt supply tracks this variation. The +15-volt 
supply varies 20 mV over the zero to +300-mAdc load 
current range. The +5-volt supply varies less than 5 mV 
for 0 <I, <200 mA with the other two voltages remain- 
ing unchanged. See MC1561 data sheet or MC1569 data 
sheet for information concerning latch-up when using plus 
and minus regulations. 


SHUTDOWN TECHNIQUES 


Pin 2 of the MC1563 is provided for the express pur- 
pose of shutting the regulator “OFF”. Referring to the 
schematic, it can be seen that pin 2 goes to the base of a 
PNP transistor: which, if turned “ON”, will deny current 
to all the biasing current sources. This action causes the 
output to go to essentially zero volts and the only current 
drawn by the IC regulator will be the small start current 
through the 60 k-ohm start resistor (Vjn/60 kQ). This 
feature provides additional versatility in the applications 
of the MC1563. Various sub-systems may be placed ina 
“standby” mode to conserve power until actually needed. 
Or the power may be turned “OFF” in response to other 
occurrences such as over-heating, over-voltage, shorted 
output, ete. 

As an illustration of the first case, consider a system 
consisting of both positive-supply logic (MTTL) and 
negative-supply logic (MECL). The MECL logic may be 
used in a high-speed arithmetic processor whose services 
are not continuously required. Substantial power may 
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FIGURE 32 — VOLTAGE BOOSTING CIRCUIT 


thus be conserved if the MECL circuitry remains un- 
powered except when needed. The negative regulator can 
be shutdown using any of the standard logic swings. For 
saturated logic control, Figure 30 shows a circuit that allows 
the normal positive output swing to cause the regulator 
to shutdown when the logic output is in the low voltage 
state. The negative output levels of a MECL gate can also 
be used for shutdown control as shown in Figure 31. 


VOLTAGE BOOSTING 
Some applications may require a high output voltage 

which may exceed the voltage rating of the MC1563. This 
must be solved by assuring that the IC regulator is operated 
within its limits. Three points in the regulator need to 
be considered: 

1. The input voltage (Pin 4), 

2. the output voltage (Pin 6) and, 

3. the output sense lead (Pin 8). 


A reduced input voltage can be provided by using a separate 
supply. The output voltage may be zener-level shifted, and 
the sense line can tie to a portion of the output voltage 
through a resistive divider. The voltage boost circuit of 
Figure 32 uses this approach to provide a -90 volt supply. 
This circuit will exhibit regulation of 0.001% over a 100 mA 
load current range. 


REMOTE SENSING 


The MC1563 offers a remote sensing capability. This 
is important when the load is remote from the regulator, 
as the resistances of the interconnecting lines (VEE and 
GND) are added directly to the output impedance of the 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 33 shows how remote sensing is accom- 
plished using both a separate sense line from Pin 8 and a 
separate ground line from the regulator to the remote load. 


MC1563 
MC1463 


FIGURE 33 — REMOTE SENSING CIRCUIT 
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MC1563G 


MC1463G lz7=1mMA (max) 


AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE REFERENCE 
SOURCE ; 


The MC1563, when used in conjunction with low-TC 
resistors, makes an excellent reference-voltage generator. 
If the -3.5 volt reference voltage of the IC regulator is a 
satisfactory value, then Pins | and 9 can be tied together 
and no resistors are needed. This will provide a voltage 
reference having a typical temperature coefficient of 
0.002%/°C. By adding two resistors, RA and Rp, any 
voltage between -3.5 Vdc and -37 Vdc can be obtained 
with the same low TC (see Figure 3-4) 


THERMAL SHUTDOWN 


By setting a fixed voltage at Pin 2, the MC1563 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the 
base-emitter junction of the shutdown transistor (-1.9 x 


270 


or Equiv 


0.1 WF 
-0.61 Vdc 
O2 


- FIGURE 34 — AN ADJUSTABLE “ZERO-TC” VOLTAGE SOURCE 


MC1563 
MC1463 


Ra 
Vz =-3.5 (1+——) 
Rp 


1073V/°C). By setting -0.61 Vdc externally, at Pin 2, the 
regulator will shutdown when the chip temperature reaches 
approximately 140°C. Figure 35 shows a circuit that uses 
a zero-IC zener diode and a resistive divider to obtain 
this voltage. 

In the case where an external pass transistor is employed, 
its temperature, rather than that of the IC regulator, re- 
quires control. A technique similar to the one just dis- 
cussed can be used by directly monitoring the case tem- 
perature of the pass transistor as is indicated in Figure 36. 
The case of the normally “OFF” thermal monitoring 
transistor, Q2, should be in thermal contact with, but 
electrically isolated from, the case of the boost tran- 
sistor, QI. 


THERMAL CONSIDERATIONS 


Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 


GND 


FIGURE 35 — JUNCTION TEMPERATURE LIMITING SHUTDOWN CIRCUIT - 
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the designer must use caution not to exceed the specified 
maximum junction temperature (+175°9C). Exceeding this 
limit will reduce reliability at an exponential rate. Good 
heatsinking not only reduces the junction temperature for 
a given power dissipation; it also tends to improve the dc 
stability of the output voltage by reducing the junction 
temperature change resulting from a change in the power 
dissipation of the IC regulator. By using the derating factors 
or thermal resistance values given in the Maximum Ratings 
Table of this data sheet, junction temperature can be com- 
puted for any given application in the same manner as for 
a power transistor*. A short-circuit on the output terminal 
can produce a “worst-case” thermal condition especially 
if the maximum input voltage is applied simultaneously 
with the maximum value of short-circuit load current 
(500 mA). Care should be taken not to exceed the max- 
imum junction temperature rating during this fault condi- 
tion and, in addition, the dc safe operating area limit (see 
Figure 22). 

Thermal characteristics for a voltage regulator are useful 
in predicting performance since dc load and line regulation 
are affected by changes in junction temperature. These 
temperature changes can result from either a change in 
the ambient temperature, TA, or a change in the power 
dissipated in the IC regulator. The effects of ambient 


*For more detailed information of methods used to com- 

pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Properties of 
Semiconductors. 


2N2221 
or Equiv 
| 


1N4001 
or Equiv 


temperature change on the dc output voltage can be esti- 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as +0.002%/°C, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 
current,three effects must be considered: 


1. junction temperature change due to the change in 
the power dissipation | 


2. output voltage decrease due to the finite output 
impedance of the control amplifier 


3. thermal gradient on the IC chip. 


A temperature differential does exist across a power IC 
chip and can cause a dc shift in the output voltage. A 
“sradient coefficient,” GCVo, can be used to describe this 
effect and is typically +0.03%/watt for the MC1S63R. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 


Given: MC1563R 
with Vy =-10 Vdc 
Vo =-5 Vdc 
and IL = 100 mA to 200 mA 
(AIL = 100 mA) 
assume TA =+25°C 


TO-66 Type Case with heatsink 


MC1563 
MC1463 


FIGURE 36 — THERMAL SHUTDOWN WHEN USING EXTERNAL PASS TRANSISTORS 
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assume Rgcs=0.2°C/W 
and Rg@sa = 2°C/W 3. AVC due to gradient coefficient, AVOQ/AG 
|A Vol = (AV0/AG\(Vo)(APp) 


It is desired to find the AVo which results from this AIL. r ' 
Each of the three previously stated effects on VO can now |A Vol = (43 x 107*/W)(5 volts)(5 x 107 *W) 


be separately considered. IA Vo! = +0.83 mV 
1. AVQC due toATY 


Therefore the total A Vo is given by 
AVO = (Vo) @Pp)(AVO/AT) (Resc+Recs*Resa) 


OR 
A Vo = (5 V\(5Vx0.1 A)(4.0.002%/9C)(19.2°C/W) Be |A Vo total| = + 1.0-2.0 +0.8 mV 
AVo © £1.0 mW | -2.2 mV <|Vo total| < -0.2 mV 
2. AVQ due to Zo Other operating conditions may be substituted and com- 


puted in a similar manner to evaluate the relative effects 


IA Vol = Zo)QL) of the parameters. 


IAVol=-(2 x 1072)(107!) = -2 mV 


TYPICAL PRINTED CIRCUIT BOARD LAYOUT 


a ren ae ea a a ae 
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| FIGURE 37 — LOCATION OF COMPONENTS 


Ch HS Rp 


Note 1: 


When Raqj is used it is necessary to remove the copper 
which shorts out Raqj- 


| Vi Note 2: . 
Extra holes are available in the circuit board to permit 
GND line resistors to be paralleled to obtain the desired 
| value Of Reg. 
|Note 3: 
If Pin 2 is used to shut down the regulator, remove the 
Rsc ‘copper whichlshorts Pin 2 to ground. 


Note 4: 

lremnots sensing can be achieved by removing the copper 
which shorts Pin 8 to Pin 6 and connecting Pin 8 directly 
[te the ‘‘minus” load terminal. The circuit board ground 
should be connected to the unregulated power supply 
| ground at the ‘‘plus” load terminal. 


Q1 
MC1563R 
C. 0.001 uF MC1463R 


Select Ra + Raqgj to Give Desired Vg: Ra + Ragj~(2] Vo |-7) kQ with Rg =6.8k2 


PARTS LIST 


Select 
6.8 k 
Select _ IRC Model X-201, Mallory Model MTC-1 
or equivalent | ° 
Select 1/2 watt carbon . 
Select For minimum current of 1 mAdc: 
10 uF Sprague 1500 Series, Dickson D10C series 
or equivalent 5 
0.1 uF -_ Ceramic Disc — Centralab DDA104, or equivalent 
0.001 uF. Sprague TG-P10, or equivalent 


1/4 or 1/2 watt carbon 


~. Jumper 


MC1563R or MC1463R 
Heatsink Thermalloy #61688 or equivalent 
(Not Shown) Robinson Nugent #0001306: or equivalent 
Electronic Molding Corp. #6341-210-1, 
6348-188-1, 6349-188-1 or equivalent 
PC Board Circuit DOT, Inc. #PC1113 or equivalent 


1155 W. 23rd St. 
Tempe, Arizona 85281 


“Optional 
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Specifications and Applications 
Information 


MONOLITHIC VOLTAGE AND 
CURRENT REGULATOR 


This unique “floating” regulator can deliver hundreds of volts 
— limited only by the breakdown voltage of the external series 
pass transistor. Output voltage and output current are adjustable. 

~The MC1466/MC1566 integrated circuit voltage and current reg- 
ulator is designed to give “laboratory” power-supply performance. 


Voltage/Current Regulation with Automatic Crossover 
Excellent Line Voltage Regulation, 0.02% +1.0 mV 
Excellent Load Voltage Regulation, 0.01% +1.0 mV 
Excellent Current Regulation, 0.1% +1.0 mA 
Short-Circuit Protection 
Output Voltage Adjustable to Zero Volts 
Internal Reference Voltage 

@ Adjustable Internal Current Source 


TYPICAL APPLICATIONS 


MC1466L 
MC1566L 


PRECISION WIDE-RANGE 
VOLTAGE and 
CURRENT REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


ORDERING INFORMATION 


[Device _| Temperature Range 


MC1466L 0°C to +709 C Ceramic DIP 


MC 1566L. —55°C to +125°C Ceramic DIP 


FIGURE 1 — 0-TO-15 VDC, 10-AMPERES REGULATOR FIGURE 2 — 0-TO-40 VDC, 0.5-AMPERE REGULATOR 


MC 1466 
MC 1566 


O 
OR EQUIV 
CURRENT > 34 O 2 
LIMIT OR \ 


MC1466 
MC 1566 


1N4001 


O 
1N4001 
OR EQUIV 
Pins 1 and 4 noconnection. 


FIGURE 3 — 0-TO-250 VDC, 0.1-AMPERE REGULATOR 


1N4005 OR EQUIV 


1N4001 
OR EQUIV 


+ 
INPUT Vy 


1N4001 
OR EQUIV 


(R= “p20 FOR Vp<20 Vic, R=0) 
0.02 


Pins 1,2,3, and 4 no connection. 
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DEVICES 


MC1466L, MC1566L 


MAXIMUM RATINGS (T, = +25° unless otherwise noted) 


Auxiliary Voltage 


MC1466 
MC 1566 


Power Dissipation (Package Limitation) 
Derate above T, = +50°C 


Operating Temperature Range 
MC 1466 Oto +70 
MC 1566 —55 to +125 


Auxiliary Voltage (See Notes 1 & 2) 
(Voltage from pin 14 to pin7) MC1466 
MC 1566 


2N2222 
OR EQUIV 


Auxiliary Current 


MC 1466 
MC 1566 


Internal Reference Voltage 
(Voltage from pin 12 topin7) MC1466 
MC 1566 


MC1466* 
MC 1566 


Reference Current (See Note 3) 
MC1466 
MC 1566 


Input Current-Pin 8 
MC 1466 
MC 1566 


Power Dissipation 
MC 1466 
MC 1566 


Input Offset Voltage, Voltage Control} 
Amplifier (See Note 4) MC1466 
MC 1566 


},  2N2222 
5 OR EQUIV 


Load Voltage Regulation 
(See Note 5) MC 1466 
MC 1566 


2N3055 


MC 1466* 
MC 1566 


R 


10 4 
O 5.0k cel 
Pag ad EEE 
855k+1% 18k 1.0 


k 
£, 


Line Voltage Regulation 
(See Note 6) MC1466 
MC1566 


Temperature Coefficient of Output Voltage 
(Ta = 0 to +75°C) MC 1466 
(Ta = —55 to +25°C) MC1566 
(Ta = +25 to +125°C) MC1566 


2N2222 
OR EQUIV 


Input Offset Voltage, Current Control 


Amplifier (See Note 4) MC1466 
(Voltage from pin 10 to pin 11) MC1566 


MC 1466* 
MC 1566 


Load Current Regulation 
(See Note 7) MC1466 
MC1566 


MC1466 
MC 1566 


855k+1% 18k 
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NOTE 1: 
The instantaneous input voltage, Vaux, Must not exceed 
the maximum value of 30 volts for the MC1466 or 35 
volts for the MC1566. The instantaneous value of Vaux 
must be greater than 20 volts for the MC1566 or 21 
volts for the MC1466 for proper internal regulation. 

NOTE 2: 
The auxiliary supply voltage Vaux, must “float” and be 
electrically isolated from the unregulated high voltage 
supply, Vin. 

NOTE 3: 
Reference current may be set to any value of current 
less than 1.2 meee applying the relationship: 

lref (mA) Ry (kQ) 

NOTE 4: 
A built-in offset voltage (15 mVdc nominal) is provided 
so that the power supply output voltage or current may 
be adjusted to zero. 

NOTE 5: 
Load Voltage Regulation is a function of two additive 
components, AVjoy and AVref, where AVjoy is the 
change in input offset voltage (measured between pins 8 
and 9) and AVref is the change in voltage across R2 
(measured between pin8 and ground). Each component 
may be measured separately or the sum may be 
measured across the load. The measurement procedure 
for the test circuit shown is: 


a. With S1 open (14 = 0) measure the value of Vioy (1) 
and Vref (1) 

b. Close $1, adjust R4 so that 14 = 500 vA and note 
Viov (2) and Vref (2)- 

Then AViov = Viov (1) ~ Viov (2) 
% Reference Regulation = 


[Vref (1) — Vref (2)) paapoy = YF paqge 
Vref (1) (100%) = Vref (100%) 


INTERNAL © 
REGULATED 
VOLTAGE 


+V 
aux O INTERNAL 
VOLTAGE 


INTERNAL REGULATOR 
COMPENSATION 


-V 


REFERENCE 
CURRENT 
SOURCE 


O 3 
CURRENT 
SOURCE 


INTERNAL 
VOLTAGE 
REGULATOR 


REFERENCE 
CURRENT 
SOURCE 


FIGURE 5 


BLOCK DIAGRAM 


VOLTAGE 
CONTROL 
AMPLIFIER 


O 
VOLTAGE 
SENSE INPUT 


CIRCUIT SCHEMATIC 


VOLTAGE 
CONTROL 
AMPLIFIER 


_Load Voltage Regulation = 


AVref (100%) + AVioy * 
ref. 
NOTE 6: 

Line Voltage Regulation is a function of the same two 
additive components as Load Voltage Regulation, AV joy 
and AVre¢ (see note 5). The measurement procedure is: 
a. Set the auxiliary voltage, Vay x, to 22 volts for 

the MC1566 or the MC1466. Read the value of 


Viov (1) 2nd Vref (1)- 
b. Change the Vay to 28 volts for the MC1566 or 


the MC 1466 and note the value of Vigy (2) and 
Vret(2). Then compute Line Voltage Regulation: 


AViov = AViov (1) — Viov (2) 
% Reference Regulation = 


[Vref (1) — Vref (2)) (4g qq%) = AY ref (100%) 
Vref (1) Vref 
Line Voltage Regulation = 


Vref 
Vref 


(100%) ny AViov x 


NOTE 7: 

Load Current Regulation is measured by the following 

procedure: 

a. With S2 open, adjust R3 for an initial load current, 
IL(1), such that Vo is 8.0 Vdc. 

b. With S2 closed, adjust RT for Vg = 1.0 Vdc and read 
1L(2). Then Load Current Regulation = 

('L(2) — 'L(1)] 
IL(1) 

where Ire is 1.0 mAdc, Load Current Regulation Is 
specified in this manner because lref passes through 
the load in a direction opposite that of load current 
and does not pass through the current sense re- 
sistor, Rg. 


(100%) + lref 


wanerr | =F x 
CONTROL 


OUTPUT 
AMPLIFIER 


AMPLIFIER 


COMPENSATION 


CURRENT 
SENSE INPUT 


GUTPUT 
AMPLIFIER 


CURRENT 
CONTROL 
AMPLIFIER 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-95 


MC1466L, MC1566L 


FIGURE 6 — TYPICAL CIRCUIT CONNECTION 


1500 uF 


ee 
110 V (rms) 


a CURRENT 
ca LIMIT 
8 O 30 O93 2 Qe ADJUST 
te Ct UR eames 
= R1 18 k 


MC 1466 
MC 1566 


re 


CI 
0.1 uF T a 


R2 
VOLTAG 
ADJUST 


E 


CRE 


+ 


< 


0 


Pins 1 and 4 no connection. 


NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS 


. Constant Voltage: 


For constant voltage operation, output voltage Vg is given by: 
Vo = (lre¢) (R92) 
where R2 is the resistance from pin 8 to ground and Ira¢ is the 
Output current of pin 3. 
The recommended value of Ire¢ is 1.0 mAdc. Resistor R1 sets 
the value of Ire¢: 
pee 
ref“ R 


where R11 is the resistance between pins 2 and 12. 


. Constant Current: 


For constant current operation: 

(a) Select Rg for a 250 mV drop at the maximum desired regu- 
lated output current, | max. 

(b) Adjust potentiometer R3 to set constant current output at 
desired value between zero and | max. 


. If Vin isgreater than 20 Vdc, CR2, CR3, and CR4 are necessary 


to protect the MC1466/MC1566 during short-circuit or transient 
conditions. 


. In applications where very low output noise is desired, R2 may 


be bypassed with C1 (0.1 uF to 2.0 uF). When R2 is bypassed, 
CR1 is necessary for protection during short-circuit conditions. 


. CRS is recommended to protect the MC1466/MC1566 from 


simultaneous pass transistor failure and output short-circuit. 


6. 


The RC network (10 pF, 240 pF, 1.2 kQ) is used for compensation. 
The values shown are valid for all applications. However, the 10 pF 
capacitor may be omitted if f, of Q1 and Q2 is greater than 0.5 MHz. 


. For remote sense applications, the positive voltage sense terminal 


(Pin 9) is connected to the positive load terminal through a separate 
sense lead; and the negative sense terminal (the ground side of R2) 
is connected to the negative load terminal through a separate sense 
lead. 


. Co may be selected by using the relationship: 


Co = (100 uF) IL(max), where IL(max) is the maximum load current 
in amperes. 


. C2 is necessary for the internal compensation of the MC1466/ 


MC1566. 


. For optimum regulation, current out of Pin 5, 5 should not exceed 


0.5 mAdc. Therefore select Q1 and Q2 such that: 
Imax 
162 
where: Imax = maximum short-circuit load current (mAdc) 


< 0.5 mAdc 


B1 = minimum beta of Q1 

B2 = minimum beta of Q2 
Although Pin 5 will source up to 1.5 mAdc, Ig > 0.5 mAdc 
will result in a degradation in regulation. 


. CR6 is recommended when Vg > 150 Vdc and should be rated 


such that Peak Inverse Voltage > Vo. 


12. In applications where R2 might be rapidly reduced in value, it 
is recommended that CR3 be replaced by Q2 and R4. 


C1 


0.1 WF “i 


8 


9 


CR2 


R2 


Q2 


R4 


This design consideration prevents R2 from being destroyed 
by excessive discharge current from Co. Components Q2 and 
R4 should be selected such that: 


R2 
R4 = — and 


10 


V(BR)CEO of O2 = Vo 
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OPERATION AND APPLICATIONS 


This section describes the operation and design of the MC1566/MC1466 voltage and current regulator and also provides 
information on useful applications. 


SUBJECT SEQUENCE 


Theory of Operation 
Applications 

Transient Failures 
Voltage/Current-Mode Indicator 


THEORY OF OPERATION yields a good working PNP from a lateral device working 
at a collector current of only a few microamperes. Its base 

The schematic of Figure 5 can be simplified by break- voltage (VB) is derived from a temperature compensated 
ing it down into basic functions, beginning with a simplified portion of the diode string and consequently the overall 
version of the voltage reference, Figure 7. Zener diodes current is dependent on the value of emitter resistor R1. 
CR1 and CR5 with their associated forward biased diodes Temperature compensation of the base emitter junction 
CR2 through CR4 and CR6 through CR8 form the stable of Q3 is not important because approximately 9 volts 
reference needed to balance the differential amplifier. At exists between VB, and V12, making the AVBR’s very 
balance (VB1 = VB2), the output voltage, (V12 — V7); small in percentage. Circuit reference voltage is derived 
is at a value that is twice the drop across either of the two from the product of Ip and Rp; if IR is set at 1 mA 
diode strings: Vj2 — V7 = 2 (VcR1 + VCR2 + VCR3 + (Ri = 8.5 kQ), then RR (in kQ) = Vo. Other values of 
VcR4). Other voltages, temperature compensated or other- current may be used as long as the following restraints are 
wise, are also derived from these diodes strings for use in kept in mind: 1) package dissipation will be increased by 


about 11 mW/mA and 2) bias current for the voltage control 
amplifier is 3 uA, temperature dependent, and is extracted 
from the reference current. The reference current should 


other parts of the circuit. 


The voltage controlled current source (Figure 8) is a 
PNP-NPN composite which, due to the high NPN beta, 


FIGURE 7 — REFERENCE VOLTAGE REGULATOR FIGURE 8 — VOLTAGE CONTROLLED CURRENT SOURCE 


Equivalent 
Diode V7 ~9 V 


Regulated 
Voltage 
18 V 
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be at least two orders of magnitude above the largest ex- FIGURE 10 — CURRENT CONTROL CIRCUIT 
pected bias current. 


| Loop amplification in the constant voltage mode is 
supplied by the voltage controlled amplifier (Figure 9), a 
standard high-gain differential amplifier. The inputs are 
| diode-protected against differential overvoltages and an 
| emitter degenerating resistor, RQs, has been added to one 
of the transistors. For an emitter current in both Q5 and 
Q6 of 1/2 milliampere there will exist a preset offset volt- 
age in this differential amplifier of 15 mV to insure that 
the output voltage will be zero when the reference voltage 
is zero. Without RQs, the output voltage could be a few 
millivolts above zero due to the inherent offset. Since the 
load resistor is so large in this stage compared with the 
load (Q9) it will be more instructive to look at the gain on 
a transconductance basis rather than voltage gain. Trans- 
conductance of the differential stage is defined for small 


signals as: 
Pam (1) This level is further boosted by the output stage such that 
2te + RE in the constant voltage mode overall transconductance is 
where about 300 mA/volt. 
A second differential stage nearly identical to the first 
te © 0.026 and Stage, serves as the current control amplifier (Figure 10). 
Ip The gain of this stage insures a rapid crossover from the 


constant voltage to constant current modes and provides 


RE = added emitter degenerating resistance. ; , 
E shea a aaa a convenient point to control the maximum deliverable 


For Ip = 0.5 mA, load current. In use, a reference voltage derived from the 
preregulator and a voltage divider is applied to pin 10 

ee ae 7S AISLE. (2) while the output current is sampled across Rg by pin 11. 

Bm" 104+30 134 When Ip, Rg is 15 mV below the reference value, voltage 


V1 begins to rapidly rise, eventually gaining complete 
control of Q9 and limiting output current to a value of 
V2/Rs. If V2 is derived from a variable source, short 
circuit current may be controlled over the complete out- 
put current capability of the regulator. Since the constant- 
voltage to constant-current change-over requires only a few 
millivolts the voltage regulation maintains its quality to 
the current limit and accordingly shows a very sharp 
“knee” (1% +1 mA, Figure 11). Note that the regulator 
can switch back into the constant voltage mode if the 
output voltage reaches a value greater than Vp. Operation 
through zero milliamperes is guaranteed by the inclusion 
of another emitter offsetting resistor. 


FIGURE 11 — V, CURVE FOR 0-TO-40 V, 
0.5-AMPERE REGULATOR 


FIGURE 9 — VOLTAGE CONTROL AMPLIFIER 


Preregulated 
18 Vv 


V, VOLTAGE (VOLTS) 


Reference Voltage + Output Sense 
VR 0.1 O02 0.3 0.4 O.5 


1, CURRENT (AMPERES) 
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Transistor Q9 and five diodes comprise the essential 
parts of the output stage (Figure 12). The diodes perform 
an “OR” function which allows only one mode of operation 
at a time - constant current or constant voltage. However, 
an additional stage (Q9) must be included to invert the 
logic and make it compatible with the driving requirements 
of series pass transistors as well as provide additional gain. 
A 1.5 mA collector current source sets the maximum de- 
liverable output current and boosts the output impedance 
to that of the current source. 

Note that the negative (substrate) side of the MC1566/ 
MC 1466 is 7.25 volts lower than the output voltage, and 
the reference regulator guarantees that the positive side is 
11 volts above the output. Thus the IC remains at a voltage 
(relative to ground) solely dependent on the output, “‘float- 
ing” above and below Vo. VCE across Q9 is only two or 
three VpR’s depending on the number of transistors used 
in the series pass configuration. 

Performance characteristics of the regulator may be 
approximately calculated for a given circuit (Figure 2). 
Assuming that the two added transistors (Q12 and Q13) 
have minimum beta’s of 20, then the overall regulator 
transconductance will be: 


gmp = (400) 300 mA/volt = 120 A/volt. (3) 


For a change in current of 500 mA the output voltage 
will drop only: 


OS 
AV =—— = 4.2 mV. 


120 ” 


FIGURE 12 — MC1566 OUTPUT STAGE 


Preregulated 
ig V 
From Current From Voltage 


Control Amplifier 


Control Amplifier 


The analysis thus far does not consider changes in VR 
due to output current changes. If IL increases by 500 mA 
the collector current of Q9 decreases by 1.25 mA, causing 
the collector current of Q5 to increase by 30 wA. Accord- 
ingly, IR will be decreased by ~0.30 uA which will drop 
the output by 0.03%. This figure may be improved con- 
siderably by either using high beta devices as the pass 
transistors, or by increasing Ip. Note again, however, that 
the maximum power rating of the package must be kept 
in mind. For example if IR = 4 mA, power dissipation is 


Pp = 20 V (8 mA) + (11 Vx 3mA)=193 mW. (5) 


This indicates that the circuit may be safely operated up 
to 118°C using 20 volts at the auxiliary supply voltage. 
If, however, the auxiliary supply voltage is 35 volts, 


Pp = 35 V (8 mA) + 26 V (3 mA) = 358 mW. (6) 


which dictates that the maximum operating temperature 
must be less than 91°C to keep package dissipation within — 
specified limits. 

Line voltage regulation is also a function of the voltage 
change between pins 8 and 9, and the change of Vref. In 
this case, however, these voltages change due to changes in 
the internal regulator’s voltages, which in turn are caused 
by changes in Vayx- Note that line voltage regulation is 
not a function of Vin. Note also that the instantaneous 
value of Vayx must always be between 20 and 35 volts. 


Figure 6 shows six external diodes (CRj to CR6) added 
for protective purposes. CRj should be used if the output 
voltage is less than 20 volts and CR2, CR3 are absent. For 
Vo higher than 20 volts, CRj should be discarded in favor 
of CR? and CR3. Diode CR4 prevents IC failure if the 
series pass transistors develop collector-base shorts while 
the main power transistor suffers a simultaneous open emit- 
ter. If the possibility of such a transistor failure mode 
seems remote, CR4 may be deleted. To prevent instant- 
aneous differential and common-mode breakdown of the 
current sense amplifier, CR5 must be placed across the 
current limit resistor Rs. 

Load transients occasionally produce a damaging reversal 
of current flow from output to input Vo > 150 volts (which 
will destroy the IC). Diode CR6 prevents such reversal 
and renders the circuit immune from destruction for such 
conditions, e.g., adding a large output capacitor after the 
supply is turned “on”. Diodes CRy, CR2, CR3, and CR5 
may be general purpose silicon units such as 1N4001 or 
equivalent whereas CR4 and CR¢ should have a peak inverse 
voltage rating equal to Vin or greater. 


APPLICATIONS 


Figure 2 shows a typical 0-to-40 volts, 0.5-ampere reg- 
ulator with better than 0.01% performance, The RC net- 
work between pins 5 and 6 and the capacitor between pins 
13 and 14 provide frequency compensation for the MC1566/ 
MC1466. The external pass transistors are used to boost 
load current, since the output current of the regulator is 
less than 2 mA. 
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Figure 1 is a 0-to-15 volts, 10-ampere regulator with the 
pass transistor configuration necessary to boost the load 
current to 10 amperes. Note that Co has been increased to 
1000 uF following the general rule: 


Co = 100 uF/A I. 


The prime advantage of the MC1566/MC1466 is. its use 
as a high voltage regulator, as shown in Figure 3. This 
_ Q-to-250 volts 0.1-ampere regulator is typical of high volt- 
age applications, limited only by the breakdown and safe 
areas of the OUtDUT pass transistors. 


The primary limiting factor in high voltage series regula- 


tors is the pass transistor. Figure 13 shows a safe area curve. 


for the MJ413. Looking at Figure 3, we see that if the 
output is shorted, the transistor will have a collector cur- 
rent of 100 mA, with a VCE approximately equal to 260 
volts.. Thus this point falls on the dc line of the safe area 
curve, insuring that the transistor will not enter secondary 
breakdown. 


In this respect (Safe Operating Area) the foldback circuit 
of Figure 14 is superior for handling high voltages and yet 
is short-circuit protected. This is due to the fact that load 
current is diminished as output voltage drops (VC increases 
as Vo drops) as seen in Figure 15. By careful design the 
load current at a short, Isc can be made low enough such 
that the combined VCE (Vin) and Isc still falls within the 
dc safe operating area of the transistor. For the illustrated 
design eens: 14),.an input voltage of 210 volts is compa- 


6 lc, COLLECTOR CURRENT (AMPERES) 


tible with a short-circuit current of 100 mA. Yet current 
foldback allows us to design for a maximum regulated load 
current of 500 mA. The pertinent design equations are: 


Let R2 (k2) = Vo 


Vo Llsc 
Ry (kQ) = —— ~ Vo 
0.25 
RSC = Ta) Isc 


HH acon TT ' 
Reged as NGGEs, Canoe 
EHH FBS 


am Boral 


Ty = 150°C 
a SECONDARY BREAKDOWN LIMITATION 
~— THERMAL LIMITATION AT Tc = 25 C 
(BASE-EMITTER DISSIPATION IS 
- PERCEPTIBLE ABOVE Ic 5A.) 


The Safe Operating Area Curves indi- 
cate Ic-Vce limits below which the device 
will not enter secondary breakdown. Col- 
lector load lines for specific circuits must 
fall within the applicable Safe Area to 
avoid causing a catastrophic failure To 
insure operation below the maximum Ty, 
power-temperature derating must be 
observed for both steady state and pulse 
power conditions 


10 2.0 406.0 10 20 40 60 100 200 400 1000 
Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


_ FIGURE 14 — A 200 V, 0.5- AMPERE REGULATOR WITH CURRENT FOLDBACK 


MC1466 
MC 1566 


1N4001 
OR EQUIV 


1N4005 
OR EQUIV 


MJ421 
OR EQUIV 


MJ413 OR EQUIV 


Rsc 2.5 2/1W 
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The terms Isc and I, correspond to the short-circuit 
current and maximum available load current as shown in 
Figure 15. 


FIGURE 15 — TYPICAL FOLDBACK PERFORMANCE 


—— 


Vo, OUTPUT VOLTAGE (Vdc) 


) isc 200 400 4 600 800 
lo, OUTPUT CURRENT (mAdc) 


Figure 16 shows a remote sense application which should 
be used when high current or long wire lengths are used. 
This type of wiring is recommended for any application 
where the best possible regulation is desired. Since the 
sense lines draw only a small current, large voltage drops 
do not destroy the excellent regulation of the MC1566/ 
MC 1466. 


TRANSIENT FAILURES 


In industrial areas where electrical machinery is used 


the normal ac line often contains bursts of voltage running 
from hundreds to thousands of volts in magnitude and only 
microseconds in duration. Under some conditions this en- © 
ergy is dissipated across the internal zener connected be- 
tween pins 9 and 7. This transient condition may produce 
a total failure of the regulator device without any apparent 
explanation. This type of failure is identified by absence 
of the 7-volt zener (CR1) between pin 9 and pin 7. To pre- 
vent this failure mode the use of a shielded power 
transformer is recommended, as shown in Figure 6. In 
addition, it is recommended that Cl, C3 and C4 be 
included to aid in transient repression. These capacitors 
should. have good high frequency characteristics. 

If the possibility of transients on the output exists, the 
addition of a resistor and zener diode between pins 9 and 
7 as shown on Figure 17 should be added. 


VOLTAGE/CURRENT — MODE INDICATOR 
There may be times when it is desirable to know when 
the MC1566/MC1466 is in the constant current mode or 
constant voltage mode. A mode indicator can be easily 
added to provide this feature. Figure 18 shows how a PNP 
transistor has replaced a protection doide between pins 8 
and 9 of Figure 2. When the MC1566/MC1466 goes from 
constant voltage mode to constant current mode, Vo will 


drop below Vg and the PNP transistor will turn on. The 


l-mA current supplied by pin 8 will now be shunted to 
base of Q2 thereby turning on the indicator device I1. 


FIGURE 16 — REMOTE SENSE 


All diodes are 
1N4001 or 
equivalent. 


Note: All Ground Connections at Load Site. 


MJE340 
OR EQUIV 


OR EQUIV 


a ea EEE EES Inna 
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FIGURE 17 — A 0-TO-250 VOLT, 0.1-AMPERE REGULATOR 


MJE340 OR EQUIV 
Vin = 260 V 


MJ413 OR EQUIV 


MC1466 
MC1566 


All diodes are 
1I1N4001 or 
equivalent. 


MPS6565 
OR EQUIV 


2N4922 
MC1466 OR EQUIV 
MC 1566 


1N4001 
OR EQUIV 


1N4001 
OR EQUIV 


Vc, (CONTROL VOLTAGE TO SCHMITT TRIGGER) 


*Select Q1 such that VcEQ > Vo. 


eT 
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DUAL +15-VOLT 
DUAL +15-VOLT REGULATOR TRACKING REGULATOR 


The MC 1568/MC 1468 isa dual polarity tracking regulator designed SILICON MONOLITHIC 
to provide balanced positive and negative output voltages at currents INTEGRATED CIRCUIT 
to 100 mA. Internally, the device is set for + 15-volt outputs but an 
external adjustment can be used to change both outputs simul- 
taneously from 8.0 to 20 volts. Input voltages up to + 30 volts can 
be used and there is provision for adjustable current limiting. The 
device is available in three package types to accomodate various 
power requirements. 


Internally set to+15 V Tracking Outputs 
Output Currents to 100 mA oO (Bottom View) 
Outputs Balanced to within 1% (MC1568) G SUFFIX 

Line and Load Regulation of 0.06% METAL PACKAGE 

1% Maximum Output Variation due to Temperature Changes sear tae 

Standby Current Drain of 3.0 mA 
Externally Adjustable Current Limit 
Remote Sensing Provisions 


Case is at Ground Potential (R suffix package) 


CIRCUIT SCHEMATIC R SUFFIX 


METAL PACKAGE 
CASE 614-02 


oy a L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


(2)B ALANCE 
© ADJUST 
(tL package only) 


1 (Top View) 


ORDERING INFORMATION 


VOLTAGE 
GND O10(1) ADJUST O O COMPEN(--) [MC 1468G_| 
914) 812) MC1468G 


; . : MC1468L Ceramic DIP 

Pin numbers adjacent to terminals are for the G Pin 10 is ground for the G suffix package only. 

and R suffix packages only. Pin numbers in pa- For the R package, the case is ground. MC1468R 

rentheses are for the L suffix package only. MC1568G 55° C to +125°C 
MC1568L —55° C to +125° C Ceramic DIP 
MC1568R —55° C to —125°C 
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MAXIMUM RATINGS (To= +25°C unless otherwise noted.) 


Input Voltage Vec.|VEE! 


Peak Load Current 


Power Dissipation and Thermal Characteristics 
Ta = +25°C 
Derate above Taq = +25°C 
Thermal Resistance, Junction to Air 
To = +25°C 
Derate above Tc = +25°C 
Thermal Resistance, Junction to Case 


Storage and Junction Temperature Range 


Minimum Short-Circuit Resistance 


OPERATING TEMPERATURE RANGE 


Ambient Temperature 
MC 1468 0to +70 
MC 1568 -55 to +125 


ELECTRICAL CHARACTERISTICS (Vcc = +20 V, Veg = -20 V, C1 = C2 = 1500 pF, C3 = C4 = 1.0nF, Rsct = Rsc™ = 4.02, 
IL * = 1L7 = 0, Tc = +25°C unless otherwise noted.) (See Figure 1.) 


MC1468 
ae 


Input-Output Voltage Differential | = | = fF vec | 
10 
20 
10 


Output Voltage Balance 


Line Regulation Voltage 
(Vin =.18 V to 30 V) 

(Tonto Thigh? 
Load Regulation Voltage 
(ly = 0 to 50 mA, Ty = constant) 
(TA = Tlow to Thigh) 


Output Voltage Range 
L Package (See Figure 4.) 
R and G Packages (See Figures 2 and 13.) 


Ripple Rejection (f = 120 Hz) 


Output Voltage Temperature Stability 


Short-Circuit Current Limit 
(Rsc = 10 ohms) 


ol 


— 
oO 


uV(RMS) 
mA 


Output Noise Voltage 
(BW = 100 Hz - 10 kHz) 


Positive Standby Current 


fh 
oO 


(Vin = +30 V): 2.4 
Negative Standby Current 

(Vin = -30 V) 3.0 
Long-Term Stability 0.2 


® Tiow = 0°C for Mc1468 @ Thigh = +70°C for MC1468 
= ~55°C for MC1568 = +125°C for MC1568 
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TYPICAL APPLICATIONS 


FIGURE 1 — BASIC 50-mA REGULATOR 


47 


+VQ 
+15 V 


SENSE (+) 
INPUT (+) 4(7) 


COMPEN (+) 


+20V 1500 pF 


10.(1) 
O 


MC 1568 


mc1468 GND GND 


C4 
1.0 pF 


-Vo 
-15V 


Rsc 


C1 and C2 should be located as close 
to the device as possible. A 0.1 wF ceramic 
capacitor (Cin) may be required on the input 
lines if the device is located an appreciable 
distance from the rectifier filter capacitors. 


C3 and C4 may be increased to improve load 
transient response and to reduce the output 
noise voltage. At low temperature operation, it 
may be necessary to bypass C4 with a 0.1 pF 
ceramic disc capacitor. 


FIGURE 3 — +1.5-AMPERE REGULATOR 
(Short-Circuit Protected, with Proper Heatsinking) 
(Metal-Packaged Devices Only, R Suffix) 


INPUT (+) eae 


20Vt0+30V) OR EQUIV Rsc* *VO0 


+15 Vde 
Vot SENSE (+) 
COMPEN (+) 
0.6 V MC1568R 
Isc = -—— GND 
SC* Bsc MC1468R 
COMPEN (-) 
Vo~ SENSE (-) 
-15 Vde 


INPUT (--) 0.33 Q -VO 


: 7 2N3055 20W 
(-20 V to -30 V) OR EQUIV : 


FIGURE 2 — VOLTAGE ADJUST AND 
BALANCE ADJUST CIRCUIT 
(14.5 VS Vou4 S20 V) 


Rsc* +VQ 


3 (5)9 


C3 
1.0 uF 


SENSE (+) 


Vo* Vadj 


INPUT (+) 


VCC COMPEN (+) 


4(7) 1500 pF 


10 (1) 
O 


GND 


MC 1568 


MC 1468 ENG 


INPUT (-) 
C4 
1.0 pF 


COMPEN (-) 
SENSE (-) 


Baladj 


Rsc™ -Vo 


Balance adjust available in MC 1568L, MC 1468L ceramic 
cual in-line package only. 


FIGURE 4 — OUTPUT VOLTAGE ADJUSTMENT 


FOR 8.0V <l+Vo |X145V 
(Ceramic-Packaged Devices Only, L Suffix.) 


5 0 +VO 
R1 

INPUT (+) Vot — SENSE (+) uk R3 
Vcc Vadj +—-O 15k 
COMPEN (+) 

1500 pF MC1568L 

GND = mci468t ——Balagj 
COMPEN (-) 

INPUT (-) SENSE (-) R4 


The presence of the Balagj, pin 2, on devices Some common design values are listed below: 


housed in the dual in-line package (L suffix) allows 


é a, 
the user to adjust the output voltages down to eVo.v) R2_ Te Vo (w/e) IB + (mA) 
+8.0 V. The required value of resistor R2 can 14 1.2k 0.003 10 
calculated from 12. 18k 0.022 7.2 
10 3.5k 0.025 5.0 
R1 Rint (¢ + V2) 8.0 “° 0.028 2.6 


R2= 


Rint (Vo -@- Vz) -o R1 
Where: Rint = An Internal Resistor = R1 = 1 kQ 
6= 0.68 V 
Vz = 6.6 Vv 


MOTOROLA LIN EAR/INTERFACE DEVICES 


4-105 


MC1468, MC1568 


TYPICAL CHARACTERISTICS 
(Vcc = +20 V, VEE =-20 V, Vo = £15 V, Ta = +25°C unless otherwise noted.) 


POSITIVE OUTPUT 
Rsc = 4.0 OHMS 


OUTPUT VOLTAGE DEVIATION (mV) 


“0 20 40 60 80 


iL, LOAD CURRENT (mA) 


FIGURE 7 — MAXIMUM CURRENT CAPABILITY 


enn NO HEATSINK 
mae am «INFINITE HEATSINK 


ae 
| | 


R PACKAGE —*+ 
— iglesias igus ¥ 
(MC 1468) ————> 


int. IL7, TOTAL LOAD CURRENT (mA) 


: Ea 
¥ ‘ 
L PACKAGE 
_{_____—. 


+100 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 9 — Igc¢ versus Rgc 


isc, SHORT-CIRCUIT CURRENT (mA) 


0 4.0 8.0 12 16 20 24 28 


Rsc, SHORT-CIRCUIT RESISTOR (OHMS) 


+125 


i Vin- Vo }, MINIMUM INPUT-OUTPUT VOLTAGE 


DIFFERENTIAL (VOLTS) 


int, IL, TOTAL LOAD CURRENT (mA) 


LIMITING CURRENT (mA) 


FIGURE 6 — REGULATOR DROPOUT VOLTAGE 


Rsc = 4.0 OHMS 
AVg <100 mV 


IL, LOAD CURRENT (mA) 


FIGURE 8 — MAXIMUM CURRENT CAPABILITY 


ae R PACKAGE—”" 


Sea 
ee 
ms ea 


0 2.0 4.0 6.0 8.0 10 12 14 16 


NO HEATSINK 
ae ee me INFINITE HEATSINK 


i Vin- Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


FIGURE 10 — CURRENT-LIMITING CHARACTERISTICS 


{ 
| 
Rgc = 10 OHMS 


-75 -50 -25 0 +25 +50 +75 


+100 = +125 


Ty, JUNCTION TEMPERATURE (°C) 
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TYPICAL CHARACTERISTICS (continued) 
(Voc = +20 V, Veg = -20 V, Vo = £15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 11 — STANDBY CURRENT DRAIN _ FIGURE 12 — STANDBY CURRENT DRAIN 

Vcc =| VEE! 
< z 
= i = 
2 NDBY CURRENT. e 
oa Llu 
co c 
=D fou 
(a) D> 
‘al o 
=) be 
Qa. pu) 
= Q 
- 2 
co 7 
= E 

STANDBY CURRENT 

£Viq, INPUT VOLTAGE (£V) | : +Vg, QUTPUT VOLTAGE (£V) 
FIGURE 13 — TEMPERATURE COEFFICIENT OF 
OUTPUT VOLTAGE FIGURE 14 — LOAD TRANSIENT RESPONSE 
0.06 ae 


Vcc= VEE =30V 


tal Lo! 
a = 


siete 


POSITIVE REGULATOR 


Al_ = 0-10mA 


Rsc = 10 OHMS 


a aes eae 
leerr yey yy | 
% CHANGE IN Vg 


HERMAL SHIFT ==-~ —=------ — 
i ; CHANGE IN JUNCTION TEMPERATURE 


THERMAL SHIFT (%/°C, 


OUTPUT VOLTAGE DEVIATION, 50 mV/DIV 


15 16 17 18 19 20 TIME, 20 us/DIV 


+Vg, OUTPUT VOLTAGE (+V) 


FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — RIPPLE REJECTION 
0 T —y acs Ga af 
\ : 

5 BU aren seo “| ail I | ™ ! NEGATIVE 
= POSITIVE REGULATOR oo -20 | —— + +— + + — REGULATOR 
Si = -30/- Rsc = 10 OHMS +. ore hes ue { 
= rom IL =10mA | | 
E S -40 a 7 i q T f 

= i 
= Vin = +20 to +23 V ci 59 ee ‘e }— POSITIVE 
= Rsc = 10 OHMS ke REGULATOR 

xt 7 | 
us | ? a -60 4+ ! 
x | NEGATIVE REGULATOR = | 
ae AVEE = -20 V to -23 V a2 70 L — 
o 4 = | A | 
: WA 2 -80 P {|__| 
om ) 
= el i, rer cae 
pa) 
2 -100 

100 1.0k 10k 100 k 1.0M 


TIME, 50 ps/DIV 
f, INPUT FREQUENCY (Hz) 
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TYPICAL CHARACTERISTICS (continued) 
(Vcc = +20 V, VEE = -20 V, Vo = £15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 17 — OUTPUT IMPEDANCE 


a 
= 
= 
oS 
S 
— as ‘wa alas} 
= Ay a8 
w Ye TTT imei: "(Pee 
= ee 
= ae 
& OAR tt ae 
ae ttt t+ 
=> aa eees os 
= NEGATIVE REGULATOR 
abil [+ arom POSITIVE REGULATOR 
“a 
Pee Dyes flak se ce 
0.01 | LTT TT 
100 1.0 k k 100 k 10M 


f, TEST FREQUENCY (Hz) 


nh ee 
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(AA) MOTOROLA = 


Specifications and Applications 
Information 


POSITIVE VOLTAGE REGULATOR 
INTEGRATED CIRCUIT 


MONOLITHIC VOLTAGE REGULATOR 


The MC1569/MC1469 is a positive voltage regulator designed to 
deliver continuous load current up to 500 mAdc. Output voltage is 
adjustable from 2.5 Vdc to 37 Vdc. The MC1569 is specified for 
use within the. military temperature range (—55 to +125°C) and the 
MC1469 within the 0 to +70°C temperature range. 

For systems requiring a positive regulated voltage, the MC 1569 
can be used with performance nearly identical to the MC 1563 negative 
voltage regulator. Systems requiring both a positive and negative 
regulated voltage can use the MC 1569 and MC 1563 as complementary 
regulators with a common input ground. 


@ Electronic ‘Shut-Down” Control 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 


@ Excellent Load Regulation (Low Output Impedance — 20 milli- 
ohms typ) 


High Power Capability: up to 17.5 Watts 


G SUFFIX (Bottom View) 


METAL PACKAGE 
CASE 603-04 


Excellent Temperature Stability: +0.002 %/°C typ 
High Ripple Rejection: 0.002 %/V typ 


FIGURE 1— +15 V, +400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 


500 mA max 
ee 


vo 
+15 Vdc 
MC1569R 
MC1469R 
(POSITIVE 
REGUL 


+ 
2N706 OR EQUIV 10 pF 
0.001 pF 


R SUFFIX 
METAL PACKAGE (Bottom View) 
CASE 614-02 


ORDERING INFORMATION 
[DEVICE | TEMPERATURE RANGE | PACKAGE __ 
MC1469G 


MC1563R 
MC1463R Q Vo 
—_—_—— -15Vd 
o~| (NEGATIVE 500 mA max J 
REGULATOR) 


FIGURE 2 — TYPICAL CIRCUIT CONNECTION FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION 
(3.5 [Vo S37 Vdc, 1 Jy_ <500 mA) (Vo = 5.0 Vde, I, = 10 Ade [max] ) 


Rse Vin 8.5 Vde Ree = 60 mig. Vg = +5 Vde 


e 
, 2N706 
fam 2N706 a eauil 04 OR EQUIV 
@ R EQUIV : 
.001 


0 

MC1569R. 0.001 uF 

MC1469R it MC1569R 
55. MC 1469R 


Select Ry to Give Desired VQ RY = (2 VQ - 7) kD 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-109 


MC1469, MC1569 


MAXIMUM RATINGS (Tc = +25°C unless otherwise noted) 


MC 1469 
MC 1569 


Current, Pin 2 
Current, Pin 9 


Power Dissipation and Thermal Characteristics 
Ta = +25°C 
Derate above Tp = +25°C 
Thermal Resistance, Junction to Air 
Tc = +25°C 
Derate above T¢ = +25°C 
Thermal Resistance, Junction to Case 


ey Tey -65 to +150 


Operating and Storage Junction Temperature 


OPERATING TEMPERATURE RANGE 


Ambient Temperature 


MC 1469 0 to +70 
MC 1569 -55 to +125 


ELECTRICAL CHARACTERISTICS 


(Tc = +25°C unless otherwise noted) (Load Current = 100 mA for “R”’ Package device, 
= 10 mA for “G” Package device, 


unless otherwise noted) 


Input Voltage 
(Ta = Tow D to Thigh @) 
Output Voltage Range 


Reference Voitage (Pin 8 to Ground , Vin = 15 V 


Minimum Input-Output Voltage Differential Vin - Vo 
(Rg¢ = 0) 

Bias Current (V;, = 15 V) 

(i = 1.0 mAdc, R2 = 6.8 k ohms, 11g = lin - IL 


Output Noise Vn 
(Cy = 0.1 UF, f = 10:'Hz to 5.0 MHz) 
Temperature Coefficient of Output Voltage 


Operating Load Current Range 
(Roo S0.3 ohms) R Package 
(Rg¢ 2.0 ohms) _ G Package 


Input Regulation 


5008 


0.005 0.05 % 


Load Regulation 
(Ty = Constant [1.0 mA<I, =20 mA] ) 
(To = +25°C [1.0 mMA=I,_<50 mA] ) R Package 


mAdc 
500 
200 
2.4 


Output Impedance 
(C, = 0.001 pF, Rgc = 1.0 ohm, f = 1.0 kHz, 
Vin = +14 Vdc, Vo = +10 Vdc) 


Shutdown Current 
(Vin = +35 Vdc) 


= -55°C for MC 1569 = +125°C for MC1569 
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Note 1. “Minimum Input Voltage’ is the minimum “‘total instan- where vg_ is the change in the Output voltage Vo for 
taneous input voltage’’ required to properly bias the in- the input change vin. 
ternal zener reference diode. For output voltages greater : : 
than approximately 5.5 Vdc the minimum “‘total instan- The following example illustrates how to compute 
taneous input voltage’ must increase to the extent that ening Output voltage change for the conditions 
it will always exceed the output voltage by at least the ae 
“input-output voltage differential’. Regline = 0.015 %/VoO 


Vo = 10 Vdc 
Vin = 1.0 V(rms) 
Vo = (Regline) (Vin) (Vo) 


Note 2. This parameter states that the MC1569/MC1469 will 
regulate properly with the input-output voltage differ- 


ential (Vij, — Vo) as low as 2.7 Vdc and 3.0 Vdc 100 
respectively. Typical units will regulate properly with = (0.015) (1.0) (10) 
(Vin — Vo) as low-as 2.1 Vdc as shown in the typical a 
column. (See Figure 21.) = 0.0015 V (rms) 
Note 3. ‘‘Temperature Coefficient of Output Voltage”’ is defined Note 5. Load regulation is specified for small (<+1 7°C) changes 
as: in junction temperature. Temperature drift effect must 


+ (Vo max — Vo min) (100) be taken into account separately for conditions of high 


MC1569, TCV = (180°C) (V9 @ 25°C) = %IPC junction temperature changes due to the thermal feed- 
beck that exists on the monolithic chip. 
+ (Vo max — Vo min) (100) Voll; = 1. ~ = 
MC1469, TCVg = | OO = H/C o|!L = 1.0 mA}~[Vo]IL = 50 mA] 


(75°C) (Vo @ 25°C) Load Regulation = 
The output-voltage adjusting resistors (R1 and R2) must F : . 
have matched temperature characteristics in order to Note6. The resulting low level output signal (vg) will require the 


maintain a constant ratio independent of temperature. use of a tuned voltmeter to obtain a reading. Special 
care should be used to insure that the measurement tech- 


VollL= 1.0 mA X 100 


Note 4. Input regulation is the percentage change in output nique does not include connection resistance, wire re- 
voltage per volt change in the input voltage and is sistance, and wire lead inductance (i.e., measure close to 
expressed as the case). Note that No. 22 AWG hook-up wire has approx- 

imately 4.0 milliohms/in. dc resistance and an inductive 
Vv » weak : 
Input Regulation = ————— 100 (%/Vo) reactance of approximately 10 milliohms/in. at 100 kHz. 
VO (Vin) O : 


Avoid use of alligator clips or banana plug-jack combination. 


TEST CIRCUITS 


FIGURE 5 — CONNECTION FOR 2.5 Vde 2 Vo S3.5 Vde 


(Ree = 27 ohms unless otherwise noted) 


© 
A 52888 


FIGURE 4 — CONNECTION FOR Vo 


(Rec = 2.7 ohms unless otherwise noted) 
Rec 
O 
eg GR 
- CS R EQUIV 
MC 1569 0.001 pF 
: o— Cols | 
? 


Cc 


, N 
© 10 or Case ‘ea 


Setect R1 to give desired Vo R1I= (2VQ-7)k 82 


2 3.5 Vde 


+VQ 


MC 1569 
MC 1469 


O 10 or Case lime! 


Select R2 to give desired VQ R2=(2VQ)k {2 Select R1 Ris (7.0 k&2 ~ R2) k2 


FIGURE 6 — INPUT REGULATION 
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FIGURE 7 — LOAD REGULATION | 
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FIGURE 8 — OUTPUT IMPEDANCE 
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FIGURE 9 — SHUTDOWN CURRENT 
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GENERAL DESIGN INFORMATION 


1. Output Voltage, Vo 
a) For Vo 2 3.5 Vdc — Output voltage is set by resistors R1 
and R2 (see Figure 4). Set R2 = 6.8 k ohms and determine 
R1 from the graph of Figure 10 or from the equation: 


R1 (2 Vo — 7) kQ 


b) For 2.5 < Vo <3.5 Vdc — Output voltage is set by resis- 
tors R1 and R2 (see Figure 5). Resistors R1 and R2 can be 
determined from the graph of Figure 11 or from the 
equations: 


R2 2 (Vo) kQ 
R1 (7 kKQ-R2) kQ 


c) Output voltage, Vo, is determined by the ratio of R1 and 
R2, therefore optimum temperature performance can be 
achieved if R1 and R2 have the same temperature 
coefficient. 

d) Output voltage can be varied by making R1 adjustable as 
shown in Figure 43. 

e) If Vo = 3.5 Vdc (to supply MRTL’ for example), tie pins 6, 
8 and 9 together. R1 and R2 are not needed in this case. 

2. Short Circuit Current, Igc¢ 
Short Circuit Current, Isc, is determined by Rego. Rgg may 
be chosen with the aid of Figure 12 or the expression: 


R mw 0.6 ohm 
sc "Tse 


where Igo is measured in amperes. This expression is also 
valid when current is boosted as shown in Figure 2. 


3. Compensation, C, 
A 0.001 LF capacitor, C,, from pin 4 to ground will provide 
adequate compensation in most applications, with or with- 
out current boost. Smailer values of C, will reduce stability 
and larger values of C. will degrade pulse response and out- 
put impedance versus frequency. The physical location of 
Ce should be close to the MC1569/MC 1469 with short lead 

_ lengths. 

4. Noise Filter Capacitor, Cry 
A 0.1 MF capacitor, Cry, from pin 7 to ground will typically 
reduce the output noise voltage to 150 UV (rms). The value 
of Cy can be increased or decreased, depending on the 
noise voltage requirements of a particular application. A 
minimum value of 0.001 UF is recommended. 

5. Output Capacitor, Co 
The value of Co should be at least 1.0 LF in order to 
provide good stability. The maximum value recommended 
is a function of current limit resistor Rec: 

Co max © 250 UF 
Rsc 


where Reg is measured in ohms. Values of Co greater than 
this will degrade the pulse response characteristics and 
increase the settling time. 
6. Shut-Down Control 

One method of turning “OFF” the regulator is to apply a 
dc voltage at pin 2. This control can be used to eliminate 
power consumption by circuit loads which can be put in 
“standby’’ mode. Examples include, an ac or dc “squelch” 
control for communications circuits, and a dissipation con- 
trol to protect the regulator under sustained output short- 
circuiting. As the magnitude of the input-threshold voltage 
at Pin 2 depends directly upon the junction temperature of 
the integrated circuit chip, a fixed dc voltage at Pin 2 will 
cause automatic shut-down for high junction temperatures. 
This will protect the chip, independent of the heat sinking 
used, the ambient temperature, or the input or output 
voltage levels. Standard Logic levels of MRTL, MDTL* or 
MTTL* can also be used to turn the regulator “ON” or 
“OFF”. 


7. Remote Sensina 


Rt, RESISTANCE (k{2) 


R1, RESISTANCE (k{2) 


Isc, SHORT-CIRCUIT LOAD CURRENT (mA) 


The connection to pin 5 can be made with a separate lead 
direct to the load. Thus, ‘‘remote sensing’ can be achieved 
and the effect of undesired impedances (including that of 
the milliammeter used to measure I,_) on Zo can be greatly 
reduced. 


FIGURE 10 — R1 versus Vo 
(Vo 23.5 Vdc, See Figure 4) 
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FIGURE 12 — lee versus Ree 
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TYPICAL CHARACTERISTICS 
Cry = 0.1 WF, Co = 0.001 UF, Cg = 1.0 UF, Tc = +25 C, 
Vin nom = +9.0 Vdc, Vg nom = +5.0 Vdc, 


Unless otherwise noted: 


I, > 200 mA for R package only. 


FIGURE 13 — DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE 
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FIGURE 15 — FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Co = 10 UF 
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FIGURE 17 — CURRENT-LIMITING CHARACTERISTICS 
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FIGURE 14 — OUTPUT IMPEDANCE versus Ree 
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FIGURE 16 — FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Co = 2.0 LiF 
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FIGURE 18 — BIAS CURRENT versus INPUT VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 
Unless otherwise noted: Cry = 0.1 UF, C, = 0.001 UF, Co = 1.0 UF, Tc = +25°C, 
Vin nom = +9.0 Vdc, Vo nom = +5.0 Vdc, 
1, >200 mA for R package only. 


FIGURE 20 — EFFECT OF INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 


FIGURE 19 — EFFECT OF LOAD CURRENT ON 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 21 — INPUT TRANSIENT RESPONSE 
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FIGURE 23 — FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE, Co = 10 UF 
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FIGURE 22 — TEMPERATURE DEPENDENCE OF 
SHORT-CIRCUIT LOAD CURRENT 
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FIGURE 24 — FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE, Co = 2.0 LF 
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OPERATIONS AND APPLICATIONS 


This section describes the operation and design of the MC1569 positive voltage regulator and also provides information on 


useful applications. 


SUBJECT SEQUENCE 


Theory of Operation 
NPN Current Boosting 
PNP Current Boosting 


Switching Regulator 
Positive and Negative Power Supplies 


Shutdown Techniques 

Voltage Boosting 

Remote Sensing 

An Adjustable-Zero-Temperature- 
Coefficient Voltage Source 


Thermal Shutdown 


Thermal Considerations 
Latch-Up 


THEORY OF OPERATION 


The usual series voltage regulator shown in Figure 25, 
consists of a reference voltage, an error amplifier, and a 
series control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer- 
ence, there are two options. The first is to use a resistive 
divider across the output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at high voltage levels. 

The alternative is to eliminate the resistive divider and 
to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational amplifier as 
shown in Figure 26. The gain-determining resistors may 
be external, enabling a wide range of output voltages. This 


FIGURE 25 — SERIES VOLTAGE REGULATOR 
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is exactly the same approach used in the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this “regulator” is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com- 
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 
are buffered to the extent that they have virtually no effect 
on the reference amplifier. If the feedback resistors are 
external (as they are on the MC1569) a widé range of 


_ reference voltages can be established. 


The error amplifier can now be operated at unity gain 
to provide excellent regulation. In fact, this “‘regulator- 
within-a-regulator” concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap- 
proach was used in the design of the MC1569 positive- 
voltage regulator. 


FIGURE 26 — THE “REGULATOR-WITHIN-A-REGULATOR” APPROACH 


Vo 


BEFERENCE 


AMPLIFIER ERROR 
(LEVEL AMPLIFIER 
SHIFTER) 


Ra 
Vo=Vret V+ A) 


eer ree en ref fF StS SS SL 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-115 


MC1469, MC1569 


FIGURE 27 


MC1569 Operation | 

Figure 27 shows the MC1569 Regulator block diagram, 
simplified schematic, and complete schematic. The four 
basic sections of the regulator are: Control, Bias, DC 
Level Shift, and Output (unity gain) Regulator. Each sec- 
tion is detailed in the following paragraphs. _ 


Control 

The control section involves two basic functions, start- 
up and shutdown. A start-up function is required since 
the biasing is essentially independent of the unregulated 


SIMPLIFIED CIRCUIT SCHEMATIC 


(Recommended External Circuitry is Depicted With Dotted Lines.) 
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input voltage. 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a re- 
sistor (60 kQ2) and permits the regulator to initially 


It makes use of two zener diodes having 


achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 
source. When the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique. This is neces- 
sary to keep the added noise and ripple of the auxiliary 
zener from degrading the performance of the regulator. 
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The shutdown control consists of an NPN transistor 
across the reference zener diode. When this transistor is 
turned “ON”, via pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut- 
down. During shutdown the current drain of the com- 
plete IC iegulator drops to Vjn/60 kQ or S00 wA for a 
30 V input. 


Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature: co- 
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The result is a refer- 
ence voltage of approximately 3.5 Vdc with a typical 
temperature coefficient of 0.002 %/°C. In addition, this 
circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 


DC Level Shift 


The reference voltage is used as the input toa Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a 
conventional operational amplifier. Consequently, negative 
feedback can be employed using two external resistors(R1 
and R2) to set the closed-loop gain and to boost the refer- 
ence voltage to the desired output voltage. A capacitor, 
CN, is introduced externally into the level shift network 
(via pin 7) to stabilize the Amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 uF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 uF minimum) 
may be used but will cause a slight increase in output 
noise. Larger values of Cx will reduce the noise as well as 
delay the start-up of the regulator. 


FIGURE 28A — LOAD TRANSIENT RESPONSE 
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Output Regulator 


The output of the level shift amplifier (pin 9) is fed to 
the noninverting input (pin 6) of the output error ampli- 
fier. The inverting input to this amplifier is the Output 
Sense connection (pin 5) of the regulator. A Darlington 
connected NPN power transistor is used to handle the load 
current. The short-circuit current limiting resistor, Rgg, is 
connected in the emitter of this transistor to sample the 
full load current. By placing an external low-level NPN 
transistor across Rsc as shown in Figure 27, output 
current can be limited to a predetermined value: 


0.6 
ly, max 


ly max * 
: Rgc 


Or Rsc -_ 


where I], max is the maximum load current (amperes) and 
Rec is the value of the current limiting resistor (ohms). 


Stability and Compensation 


As has been seen, the MC1569 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of instability due to excessive phase shift at high frequen- 
cies. Since the error amplifier is normally used at unity 
gain (the worst case for stability) a high impedance node 
is brought out for compensation. For normal operation, a 
capacitor is connected between this point (pin 4) and 
ground. The recommended value of 0.001 uF will insure 
stability and still provide acceptable transient response 
(see Figure 28, A and B). It is also necessary to use an 
output capacitor, Co (typically 1.0 uF) from the output, 
Vo, to ground. When an external transistor is used to 
boost the current, Co = 1.0 uF is also recommended (see 
Figure 2). 


FIGURE 28B — LOAD TRANSIENT RESPONSE 
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TYPICAL NPN CURRENT BOOST CONNECTIONS 


FIGURE 29A — 5 VOLT 5-AMPERE REGULATOR 


"Vint 6.0 V 2N3055 OR EQUIV. 50 A-me+VQ 5.0 Vac 


Qi 
0 
O 
2N706 OR 


O 
CER Das apeeeame 0 


+ 
0.001 pF 100 | 


“For ripple reduction or increased 
efficiency at low output voltages, 
the collector of Q1 can tie toa 
separate low-voltage supply as 
shown. 


Vin2 °9.5V 


MC1569R 
Mee | 3. 2 


MC 1469R 
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FIGURE 30 — PNP CURRENT 
BOOST CONNECTION 
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NPN CURRENT BOOSTING 


For applications requiring more than 500 mA of load 
current, or for minimizing voltage variations due to tem- 
perature changes in the IC regulator arising from changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 3 or 29 are recommended. The tran- 
sistor shown in Figure 29A, the 2N3055 can supply 
currents to 5.0 amperes (subject, of course, to the safe 
area limitations). To improve the efficiency of the NPN 


boost configuration, particularly for small output 
voltages, the circuit of Figure 29 is recommended. An 
auxiliary 9.5-volt supply is used to power the IC regulator 
and the heavy load current is obtained from a second 
supply of lower voltage. For the 5.0 ampere regulator of 
Figure 29 this represents a savings of 17.5 watts when 
compared with operating the regulator from the single 9.5 
V supply. It can supply current to 5.0 amperes while 
requiring an input voltage to the collector of the pass 
transistor of 6.0 volts minimum. The ‘pass transistor is 
limited to 5.0 amperes by the added short-circuit current 
network in its emitter (Rgc), (Figure 29B). 


PNP CURRENT BOOSTING 


A typical PNP current boost circuit is shown in Figure 
30. Voltages from 2.5 Vdc to 37 Vde and currents of 
many amperes can be obtained with this circuit. 

Since the PNP transistor must not be turned on by the 
MC1569 bias current (1jp) the resistor Rjp must meet the 
following condition 


where VBE is the base-to-emitter voltage required to turn 
on the PNP pass transistor, (typically 0.6 Vdc for silicon 
and 0.2 Vdc for germanium). 

For germanium pass transistors, a silicon diode may be 
placed in series with the emitter to provide an additional 
voltage drop. This allows a larger value of Rjp than would 
be possible if the diode were omitted. The diode will, 
however, be required to carry the maximum load current. 


SELF-OSCILLATING SWITCHING 
REGULATOR 


In all of the current boosting circuits shown thus far it 
has been assumed that the input-output voltage differen- 
tial can be minimized to obtain maximum efficiency in 
both the external pass element as well as the MC1569. 
This may not be possible in applications where only a 
single supply voltage is available and high current levels 
preclude zener diode pre-regulating approaches. In such 
applications a switching-mode voltage regulator is highly 
desirable since the pass device is either ON or OFF. The 
theoretical efficiency of an ideal switching regulator is 
100%. Realizable efficiencies of 90% are within the realm 
of possibility thus obviating the need for large power dis- 
Sipating components. The output voltage will contain a 
ripple component; however, this can be made quite smal] 
if the switching frequency is made relatively high so filter- 
ing techniques are effective. Figure 31 shows a functional 
diagram for a self-oscillating voltage regulator. The 
comparator-driver will sense the voltage across the induc- 
tor, this voltage being related to the load current, I,_, by 
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diy 


La 7: 


For a first approximation this can be assumed to be a 
linear relationship. 

Initially, Vo will be low and Q] will be ON. The volt- 
age at the non-inverting input will approach 8} Vin, when: 


B,V _VrefRa VoRp 
Pe Rit Rp R,+ Rp 


When this output voltage is reached the comparator will 
switch, turning Q1 OFF. The diode, CR1, will now become 
forward biased and will supply a path for the inductor cur- 
rent. This current and the sense voltage will start to de- 
crease until the output voltage reaches 


ViefRa 


BoVin = R,+Rp 


where the comparator will again switch turning QI ON, 
and the cycle repeats. Thus the output voltage is approxi- 
mately Vref plus a ripple component. 

The frequency of oscillation can be shown to be 


Vo (Vin — VO) 
= T'V¢ Umax) 0) » 


where 


I (max) = The maximum value of inductor current 


Ig = The minimum inductor current. 


Normally this frequency will be in the range of approxi- 
mately 2 kHz to 6 kHz. In this range, inductor values can 
be small and are compatible with the switching times of 
the pass transistor and diode. The switching time of the 
comparator is quite fast since positive feedback aids both 
turn-on and turn-off times. The limiting factors are the 
diode and pass transistor rise and fall times which should 
be quite fast or efficiency will suffer. 

Figure 32 shows a self oscillating switching regulator 
which in many respects is similar to the PNP current boost 
previously discussed. The 6.8 kQ2 resistor in conjunction 
with RI sets the reference voltage, Vref. Ql and CRI are 
selected for fast switching times as well as the necessary 
power dissipation ratings. Since a linear inductor is as- 
sumed, the inductor cannot be allowed to saturate at 
maximum load currents and should be chosen accordingly. 
If core saturation does occur, peak transistor and diode 
currents will be large and power dissipation will increase. 


FIGURE 31 — BASIC SELF-OSCILLATING 
SWITCHING REGULATOR 
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FIGURE 32 — MC1569 SELF-OSCILLATING 
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As a design center is required for a practical circuit, 
assume the following requirements: 


Vin = +28 Volts 
Vo = +10 Volts 
AVo =50 mV 
f=5 kHz 
I(max)= 1.125 A 


IQ=1A 


R 
b 
AV=V., R, (2) 


Using Equation (1), the inductor value can be found: 


p= (28=10) mi l 
2(1.125—1) 28 \5 x 103 


= 7 mH. 


For the test circuit, a value of 6 mH was selected. Using 
for a first approximation 


cn = Win — VoXVo) 
O~ 81 f2 Vin (AV) 


(28 — 10)10 
8(7 x 1073)(5 x 103)? (28) (50 x 1073) 


=95S uF. 


As shown, a value of 100 uF was selected. Since little cur- 
rent is required at pin 6, Rg can be large. Assume Rg = 
47 kQ and then use Equation (2) to determine Rp: 


—3__ 28 
50x 10°" = 7755 Rp 
eee iy 
Rp = 38 50 = 852. 


Since the internal impedance presented by pin 9 is on 
the order of 602, a value of Rp = 1022 is adequate. 

Diodes CR2, CR3, and Re may be added to prevent 
saturation of the error amplifier to increase switching 


speed. When the output stage of the error amplifier 
approaches saturation, CR2 becomes forward biased and 
clamps the error amplifier. Resistor Re should be selected 
to supply a total of 1 mAdc to CR2 and CR3. 

To show correlation between the predicted and tested 
specifications the following data was obtained: 


Vi. = +28 (41%) Volts 


Vo = +10 Volts 


AVo = 60 mV 
f= 7kHz 


which checks quite well with the predicted values. Rp 
can be adjusted to minimize the ripple component as well 
as to trim the operating frequency. Also this frequency 
will change with varying loads as is normal with this type 
of circuit. Pin 2 can still be used for shut-down if so 
desired. Rgc should be set such that the ratio of load cur- 
rent to base drive current is 10:1 in this case 1] ~ 100 mA 
and Rgc = 6.522. 


POSITIVE AND NEGATIVE POWER 
SUPPLIES 


If the MC1569 is driven from a floating source it is 
possible to use it as a negative regulator by grounding the 
positive output terminal. The MC1569 may also be used 
with the MC1563 to-provide completely independent posi- 
tive and negative voltage regulators with comparable 
performance. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simul- 
taneously, and variations in the magnitudes of the two 
voltages track. Figures] and 33 illustrate this approach. 
In this application, the MC1563 is used as the reference 
regulator, establishing the negative output voltage. The 
MC1569 positive regulator is used in a tracking mode by 
grounding one side of the differential amplifier (pin 6 of 
the MC1569) and using the other side (pin 5 of the 
MC 1569) to sense the voltage developed at the junction of 
the two 3-k ohm resistors. This differential amplifier 
controls the MC1569 series pass transistor such that the 
voltage at pin 5 will be zero. When the voltage at pin 5 
equals zero, +VO must equal |—Vol. 

For the configuration shown in Figure 33, the level 
shift amplifier in the MC1569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-ampere 
capability by QI and Q2. (The +5-volt supply, as shown, 
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is not short-circuit protected.) The —15-volt supply 
varies less than 0.1 mV over a zero to —300 mAdc current 
range and the +15.volt supply tracks this variation. The 
+15-volt supply varies 20 mV over the zero to +300 mAdc 
load current range. The +5-volt supply varies less than 
SmV for 0 <I, < 200 mA with the other two voltages re- 
maining unchanged: See page | 9 for additional information. 


SHUTDOWN TECHNIQUES 


Pin 2 of the MC1569 is provided for the express pur- 
pose of shutting the regulator “OFF”. Referring to the 
schematic, it can be seen that pin 2 goes to the base of an 
NPN transistor; which, if turned ‘ON’, will turn the 
zener “OFF” and deny current to all the biasing current 
sources. This action causes the output to go to essentially 


zero volts and the only current drawn by the IC regulator 
will be the small start current through the 60-k-ohm start 
resistor (Vjp/60 kQ). This feature provides additional 
versatility in the applications of the MC1569. Various sub- 
systems may be placed in a “standby” mode to conserve 
power until actually needed. Or the power may be turned 
“OFF” in response to other occurrences such as over- 
heating, over-voltage, shorted output, etc. 

To activate shutdown, one simply applies a patent 
greater than two diode drops with a current capability of 
1 mA. Note that if a hard supply (i.e., +3 V) is applied 
directly to pin 2, the shutdown circuitry will be destroyed 
since there is no inherent current limiting. Maximum 
rating for the drive current into pin 2 is 10 mA, while 
1 mA is adequate for shutdown. 


FIGURE 33 — A +15 Vdc COMPLEMENTARY TRACKING REGULATOR WITH AUXILIARY +5.0 V SUPPLY 
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(I0- 400 mA MAX). 
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FIGURE 34 — ELECTRONIC SHUT-DOWN USING A MOTL GATE 
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The MC 1469 is “Shut-Down” when any rs 
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FIGURE 35 — AUTOMATIC LATCH INTO SHUT-DOWN WHEN 
OUTPUT IS SHORT-CIRCUITED WITH MANUAL RE-START 
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FIGURE 36 — VOLTAGE BOOSTING CIRCUIT 
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e 


100 uF 
150 V 


Figure 34 shows how the regulator can be controlled 
by a logic gate. Here, it is assumed that the regulator 
Operates in its normal mode — as a positive regulator 
referenced to ground — and that the logic gate is of the 
saturating type, operating from a positive supply to 
ground. The high logic level should be greater than about 
1.5 V and should source no more than 10 mA into pin 2. 

The gate shown is of the MDTL type. MRTL and 
MTTL can also be used as long as the drive current is 
within safe limits (this is important when using MTTL, 
where the output stage uses an active pull-up). | 

In some cases a regulator can be designed which can 
handle the power dissipation resulting from normal opera- 
tion but cannot safely dissipate the power resulting from a 
sustained short-circuit. The circuit of Figure 35 solves 
this problem by shutting down the regulator when the 
output is short-circuited. 


VOLTAGE BOOSTING 


The MC1569 has a maximum output voltage capability 
of 37 volts which covers the bulk of the user requirements. 
However, it is possible to obtain higher output voltages. 
One such voltage boosting circuit is shown in Figure 36. 

Since high voltage NPN silicon devices are readily 
available, the only problem is the voltage limitations of the 
MC1569. This can be overcome by using voltage shift 
techniques to limit the voltage to 35 volts across the 
MC1569 while referencing to a higher output voltage. 

The zener diode in the base lead of the NPN device is 
used to shift the output voltage of the MC1569 by ap- 
proximately 75 volts to the desired high voltage level, in 
this case 100 volts. Another voltage shift is accomplished 
by the resistor divider on the output to accommodate the 
required 25 volt reference to the MC1569. The 2 kQ2 
resistor is used to bias the zener diode so the current 
through the 4.7 kQ resistor can be controlled by the 
MC1569. The 1N4001 diode protects the MC1569 from 
supplying load current under short circuit conditions and 
Q2 serves to limit base current to Qi. For Rgc as shown, 
the short circuit current will be approximately 100 mA. 

In order to use a single supply voltage, Vjin(2) can be 
derived from Vjp(1) with a zener diode, shunt pre- 
regulator. 

It can be seen that loop gain has been reduced by the 
resistor divider and hence the closed loop bandwidth will 
be less. This of course will result in a more stable system, 
but regulator performance is degraded to some degree. 


REMOTE SENSING 


The MC1569 offers a remote sensing capability. This 
is important when the load is remote from the regulator, 
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as the resistance of the interconnecting lines (Vo and 
GND) are added directly to the output impedance of the 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 37 shows how remote sensing is accom- 
plished using both a separate sense line from pin 8 and a 
separate ground line from the regulator to the remote 
load. 


AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE 
REFERENCE SOURCE. 


The MC1569, when used in conjunction with low TC 
resistors, makes an excellent reference-voltage genera- 
tor. If the 3.5 volt reference voltage of the IC regulator is 
a satisfactory value, then pins 8 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 


FIGURE 37 — REMOTE SENSING CIRCUIT 
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reference having a typical temperature coefficient of 
0.002%/°C. By adding two resistors, Rl and R2, any 
voltage between 3.5 Vdc and 37 Vdc can be obtained 
with the same low TC (see Figure 38). 


THERMAL SHUTDOWN 


By setting a fixed voltage at pin 2, the MC1569 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the base- 
emitter junction of the shutdown transistor and the diode 
in series with pin 2 (=3.4 x 10—-3V/°C). By setting 1.0 
Vdc externally at pin 2, the regulator will shutdown when 
the chip temperature reaches approximately +140°C. Fig- 
ure 39 shows a circuit that uses a zero-TC zener diode and 
a resistive divider to obtain this voltage. 


FIGURE 38 — AN ADJUSTABLE “ZERO-TC” VOLTAGE SOURCE 
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FIGURE 39 — JUNCTION TEMPERATURE LIMITING SHUTDOWN CIRCUIT 


FIGURE 39A — USING A ZERO TC REFERENCE 
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FIGURE 40 — THERMAL SHUTDOWN WHEN USING 
- EXTERNAL PASS TRANSISTORS 
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In the case where an external pass transistor is em- 
ployed, its temperature, rather than that of the IC regu- 
lator, requires control. A technique similar to the one just 
discussed can be used by directly monitoring the case 
temperature of the pass transistor as is indicated in Fig- 
ure 40. The case of the normally “OFF” thermal moni- 
toring transistor, Q2, should be in thermal contact with, 
but electrically isolated from, the case of the boost tran- 
sistor, Q1. 


THERMAL CONSIDERATIONS 


Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 
the designer must use caution not to exceed the specified 
maximum junction temperature (+150°C). Exceeding 
this limit will reduce reliability at an exponential rate. 
Good heatsinking not only reduces the junction tempera- 
ture for a given power dissipation; it also tends to improve 
the dc stability of the output voltage by reducing the 
junction temperature change resulting froma change in the 
power dissipation of the IC regulator. By using the de- 
rating factors or thermal resistance values given in the 
Maximum Ratings Table of this data sheet, junction tem- 
perature can be computed for any given application in 
the same manner as for a power transistor*. 
circuit On the output terminal can produce a “worst-case” 
thermal condition especially if the maximum input voltage 
is applied simultaneously with the maximum value of 
short-circuit load current. 


*For more detailed information of methods used to com- 
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Properties of 
Semiconductors. 


A shoft= 


Care should be taken not to 


FIGURE 41 — DC SAFE OPERATING 
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exceed the maximum junction temperature rating during 
this fault condition and, in addition, the dc safe operating 
area limit (see Figure 41). 


Thermal characteristics for a voltage regulator are use- 
ful in predicting performance since dc load and line 
regulation are affected by changes in junction temperature. 
These temperature changes can result from either a change 
in the ambient temperature, TA, or a change in the power 
dissipated in the IC regulator. The effects of ambient tem- 
perature change on the dc output voltage can be esti- 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as +0.002%/°C, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 


_ current, three effects must be considered: 


1. junction temperature change due to the change in 
the power dissipation 


2. Output voltage decrease due to the finite output 
impedance of the control amplifier 


3. thermal gradient on the IC chip. 


A temperature differential does exist across a power IC 
chip and can cause a dc shift in the Output voltage. A 
“gradient coefficient,” GCVo, can be used to describe this 
effect and is typically —0.06%/watt for the MC1569. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 


Given MC1569 
with Vin= 10 Vdc 


Vo =5 Vdc 
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and 1, = 100 mA to 200 mA 2. AVQ due to Zo 
(Al; = 100 mA) IAVol = (-Zo)IL) 
assume Ta =+25°C IAVol = —(2 x 10 —2\(10-1) = —2 mV 


TO-66 Case with heatsink 
_ 3. AVo due to gradient coefficient, GCVO 
assume 9g = 0.2°C/W 
|AVol = (GCVoXVOMAPD) 


and Oc, = 2°C/W 
SA IAVol = (—6 x 10~4/W)(5 volts)(5 x 10-1 W) 


ae = 7.15°C/W (from maximum ratings 
table) IAVol = —1.6 mV 


It is desired to find the AVo which results from this AIL. 
Each of the three previously stated effects on VQ can now 


be separately considered. |AVo total| = +0.5 — 2.0 -1.6 mV 


Therefore the total AVQ is given by 


1. AVo due to AT] OR 


_4.1 mV <[Vo total | < — 3.1 mV 
AVO = (VOMAPDTCVoO)(8ICt PCS + OSA) ° 


OR 
AVo = (5V)(5 V x 0.1A)(0.002%/°C)(9.35°C/W) Other operating conditions may be substituted and com- 
puted in a similar manner to evaluate the relative effects 
AVo ~ +0.5 mV of the parameters. 


TYPICAL PRINTED CIRCUIT BOARD LAYOUT 
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FIGURE 42 — LOCATION OF COMPONENTS 


Vo Jt Co GND 


PIN2 Vi,  C;* Cg GND R2 


*C; not shown 


FIGURE 43 — CIRCUIT SCHEMATIC FOR PRINTED CIRCUIT BOARD (Pg. 17) 
8 35 V<V9<37V,1mA<IL <500 mA 
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*C; — May be required if long input leads are used. 
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PARTS LIST 


Select 
6.8 k 1/4 or 1/2 watt carbon 


Select IRC Model X-201 Mallory Model MTC-1 
or equivalent 


Select 1/2 watt carbon 
Select For minimum current of 1 mAdc 


1.0 UF Sprague 1500 Series, Dickson D10C series 
or equivalent 

OAL HE Ceramic Disc — Centralab DDA104, 

g0OT ue Sprague TG-P10, or equivalent 

0.01 UF ; 


MC1569R or MC1469R 
2N5223, 2N796, or equivalent 


- Heatsink Thermalloy #6168B 


*Socket (Not Shown) Robinson Nugent #0001306 
Electronic Molding Corp. #6341-210-1, 
6348-188-1, 6349-188-1 


PC Board Circuit Dot, Inc. #PC1113 


‘ 1155 W. 23rd St., Tempe, Ariz. 85281 
*Optional 


LATCH-UP 


Latch-up of these and other regulators can occur if: 
1. There are plus and minus votieaes available 
2. A load exists between VQ* and VQ~ (This ‘common load" may be something inconspicuous 
— @.g. an operational amplifier. Nearly everyone who uses + and — voltages will have a 
common load from Vcc to VEE.) 
3. Vin*t and Vj,~ are not applied at the same time. 
The above conditions result in one of the two outputs becoming reverse-biased which prevents the 
regulator from turning ON . Latch-up can be prevented by the circuit configurations shown in 
Figures 44 and 45. 


FIGURE — 44 
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FIGURE — 45 
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VOLTAGE REGULATOR 


MONOLITHIC VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC1723 is a positive or negative voltage regulator designed 
to deliver load current to 150 mAdc. Output current capability can 
be increased to several amperes through use of one or more external 
pass transistors. MC1723 is specified for operation over the military 
temperature range (-55°C to +1259C) and the MC1723C over the 
commercial temperature range (0 to +70°C) 


(Top View) 
AA A A A AA 


VV Vw PW 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


® Output Voltage Adjustable from 2 Vdc to 37 Vdc 

® Output Current to 150 mAdc Without External Pass Transistors 
© 0.01% Line and 0.03% Load Regulation 

@ Adjustable Short-Circuit Protection 


FIGURE 1 — CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 


Temperature 
[own | atwnee [Hiram [ Pam 


MC1723CG] LM723CH, uA723HC} 09°C to 70°C 
MC1723CL| LM723CD, HA723DC| 0°C to +70°C {Ceramic DIP 
MC1723CP | LM723CN, HA723PC] O°C to +70°C_ [Plastic DIP 


O 
NON-INVERTING 
INPUT INPUT 
PIN NUMBERS ADJACENT TO TERMINALS ARE FOR THE METAL PACKAGE; 
PIN NUMBERS IN PARENTHESIS ARE FOR DUAL IN-LINE PACKAGES. 


MC1723G6 |__| “B8®E %0 +1250 
mer72au_[_— | -888¢ t9 + 128°C [ceramic DiP| 


FIGURE 2 — TYPICAL CIRCUIT CONNECTION FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Rating 


Differential Input Voltage 


Power Dissipation and Thermal Characteristics 
Plastic Package 
Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
Metal Package 
TaA= +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
Tc = +25°C 
Derate above T, = +25°C 
Thermal Resistance, Junction to Case 
Dual In-Line Ceramic Package 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 


Operating and Storage Junction Temperature Range 
Metal Package -65 to +150 
Dual In-Line Ceramic and Ceramic Flat Packages -65 to +175 


Operating Ambient Temperature Range 
MC1723C 0 to +70 
MC1723 -55 to +125 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted: Ta = +25°C, Vin 12 Vdc, Vo = 5.0 Vde, IL = 1.0 mAdc, Rgc = 0, 
C1 = 100 pF, Cref = 0 and divider impedance as seen by the error amplifier < 10 kQ connected as shown in Figure 2) 


MC1723C 
Character istic Symbol | Min | Typ 


v 
input Output Voltage Diferental [Vivo] 30 | - | 28 | 30 | 


Output Noise Voltage (f = 100 Hz to 10 kHz) uV(RMS) 
0.003 0.015 


Cref = 0 
Regline % 
0.01 0.1 : 
0.02 0.2 ; 
- 0.3 : 


Typ 
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Average Temperature Coefficient of Output TCVO 
Voltage (Tjow UY<T a <Thigh @) 


3 
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wo O 
Non 
oO 


Line Regulation ' 
12 V< Vip <15 V 
= +9650 in 

ITA = #25°C) V9 Vv <i, <40 V 
(Tow O<tp <Thigh @) 
12V<Vjin<15V 


Load Regulation (1.0 mA<1, <50 mA) 
Ta =+25°C 

Tlow D<T, <Thigh @ 

Ripple Rejection (f = 50 Hz to 10 kHz) 

Cref = 0 

Cref¢ = 5.0 uF 

Short Circuit Current Limit(Rsgc = 102, 

Vo = 0) 


6 ~ 
L 


Cref = 5.0 uF 
VO 


0.2 
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° ro) °° 
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mAdc 


na, 
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Long Term Stability % 
® Tow = 0°C for MC1723C @ Thigh = +70° C for MC1723C 


= -55°C for MC1723 = +125°C for MC1723 
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TYPICAL CHARACTERISTICS 


+25°C unless otherwise noted.) 


0,TA= 


(Vin = 12 Vde, Vo 


5.0 Vde, I_ = 1.0 mAdc, Rsc 


FIGURE 5 — LOAD REGULATION CHARACTERISTICS 
WITHOUT CURRENT LIMITING 


FIGURE 4 — MAXIMUM LOAD CURRENT AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 7 — LOAD REGULATION CHARACTERISTICS 


FIGURE 6 — LOAD REGULATION CHARACTERISTICS 


WITH CURRENT LIMITING 
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FIGURE 9 — CURRENT LIMITING CHARACTERISTICS 


AS A FUNCTION OF JUNCTION TEMPE RATURE 


FIGURE 8 — CURRENT LIMITING CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 — LINE REGULATION AS A FUNCTION FIGURE 11 — LOAD REGULATION AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 


Regin, LINE REGULATION (%Vg) 
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FIGURE 12 — STANDBY CURRENT DRAIN AS 
A FUNCTION OF INPUT VOLTAGE FIGURE 13 — LINE TRANSIENT RESPONSE 
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FIGURE 15 — OUTPUT IMPEDANCE AS 
FIGURE 14 — LOAD TRANSIENT RESPONSE FUNCTION OF FREQUENCY 
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TYPICAL APPLICATIONS - 


Pin numbers adjacent to terminals are for the metal package: 
pin numbers in parenthesis are for the dual in-line packages. 


FIGURE 16 — TYPICAL CONNECTION FOR 2< Vo < 7 
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FIGURE 18 — +5 V, 1-AMPERE SWITCHING REGULATOR 
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FIGURE 20 — +15 V, 1-AMPERE REGULATOR 
WITH REMOTE SENSE 
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FIGURE 17 ~ MC1723,C FOLDBACK CONNECTION 
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FIGURE 21 — -15 V NEGATIVE REGULATOR 
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TYPICAL APPLICATIONS (continued) 


FIGURE 22 — +12 V, 1-AMPERE REGULATOR 
USING PNP CURRENT BOOST 
2N37391 
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Specifications and Applications 
Information 


SWITCHMODE REGULATOR CONTROL CIRCUIT 


The MC3520/3420 is an inverter control unit which provides all 
the control circuitry for PWM push-pull, bridge and series type 
switchmode power supplies. 

These devices are designed to supply the pulse width modu- 
lated drive to the bases of two external power transistors. Other 
applications where these devices can be used are in transformer- 
less voltage doublers, transformer coupled dc-to-dc converters 
and other power control functions. 

The MC3520 is specified over the military operating range of 
—55°C to + 125°C. The MC3420 is specified from 0°C to + 70°C. 
® Includes Symmetrical Oscillator 
® On Chip Pulse Width Modulator, Voltage Reference, Dead Time 

Comparator, and Phase Splitter 

Output Frequency Adjustable (2.0 kHz to 100 kHz) 

Inhibit and Symmetry Correction Inputs Available 

Controlled Start-Up 

Frequency and Dead Time are Independently Adjustable 

(0% to 100%) 

Can be Slaved to Other MC3420s 

Open Collector Outputs 

Output Capability 50 mA (Max.) 


On Chip Protection Against Double Pulsing of Same Output 
During Load Transient Condition 


FIGURE 1—TYPICAL APPLICATION 


+10 to 30 V 


1 
Inrush to 
Current Base 


| Delay H oJ Drive 
Circuit | Circuit 


sense 


tO Isense 


(AA) MOTOROLA 


SWITCHMODE REGULATOR 
CONTROL CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 
(MC3420 
only) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


Output 2 
PIN CONNECTIONS Inhibit/ 


Symmetry 
Correction 
Input 


Inhibit 
Osc. 
Output 


Output 2 
| Ground 
Vcontrol | 6 | 


Dead Time 
Adjust 


Ramp 
Out 


(Top View) 


ORDERING INFORMATION 


DEVICE TEMPERATURE 
RANGE 


MC3420L 0 to+70°C 
MC3520L -55 to +125°C 
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MAXIMUM RATINGS 


Rating 
Power Supply Voltage 


Va 
Voltage at pin 5 


See Thermal Information 
Operating Junction Temperature 
Plastic Package 


TJ 
_ 125 
Ceramic Package 150 150 


Operating Ambient Temperature Range | Ta |-55 to +125! Oto+70 
Storage Temperature Range | Tstg — |-65 to +150 |-65 to +150 


Symbol | MC3520 MC3420 Unit 


Vcc 


sed 
BIE 
“ 
Oo o}6 
: 


[oO 
on Ko) 


Ww 
fo) 


oOo 


{o) 
QO 


REFERENCE SECTION 


Reference Voltage 
(lref ~ 400 A) 


7.8 
Temperature Coefficient of Reference Voltage 0.008 | O. 


(Voc = 15 V, Iref = 400 HA) 
Input Regulation of Reference Voltage 


(Ipef = 400 nA) 
(lref =1.0 mA) 


DC SUPPLY SECTION 
Supply Voltage 


Supply Current 
(Rext = 10 kQ, excluding load and current and 
reference current) 
OSCILLATOR SECTION 


Line Frequency Stability 
(f = 20 kHz) 
(f = 20 kHz, Vcc = 15 V, Tlow to Thigh) 


Maximum Output Frequency 
(Vec = 15V) 


Minimum Output Frequency 
(Vec = 15 V) 


Oscillator Output Saturation Voltage 
OUTPUT SECTION 
_ iS 


Output Saturation Voltage 


(1, = 40 mA, Thigh to Tiow) 
(1, = 25 MA, Thigh to Tow) 


Output Leakage Current 
(VcE = 40 V, Pins 11 and 13) 


COMPARATOR SECTION 
Pulse Width Adjustment Range 


Comparator Bias Currents 
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ELECTRICAL CHARACTERISTICS (continued) 


see 
Se ee eee 


AUXILIARY INPUTS/OUTPUTS 


Ramp Voltage 
Peak High 
Peak Low 


Ramp Voltage Change 


(Vramp Hi — Vramp Low) 


(Vip = 2.0 V) 


Inhibit Input Current — Low 
(Vip =0.8 V) 


Symmetry Correction Input/Output 2 Inhibit Current — 
(Vsy = 2.0 V, Pin 16) 


Symmetry Correction Input/Output 2 Inhibit Current — Low 
(Vsy = 0.8 V, Pin 16) 


F/Fouyt Source Current 


Assymmetry 
(Duty Cycle = 50%) 


NOTE: 
Thigh = +125°C for MC3520 
+70°C for MC3420 
Tlow = -55°C for MC3520 
0°C for MC3420 


FIGURE 2—EQUIVALENT CIRCUIT 
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. 160 symmetry 
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FIGURE 3 — CIRCUIT SCHEMATIC 
(continued next page) 
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(continued) FIGURE 3 — CIRCUIT SCHEMATIC 


CA 


Ga 


Loe 


tea 


ele 


2  @l iO) Output 2 Inhibit/ 


Oscillator jphibit Symmetry Correction Input 
Output 


OZSEIIN ‘OZHEDIN 


MC3420, MC3520 


GENERAL INFORMATION 


The internal block diagram of the MC3420 is shown in 
Figure 2, and consists of the following sections: 


Voltage Reference 


A stable reference voltage is generated by the MC3420 
primarily for internal use. However, it is also available 
externally at Pin 9 (Vref) for use in setting the dead 
time (Pin 7) and for use as a reference for the external 
control loop error amplifiers. 


Ramp Generator 


The ramp generator section produces a symmetrical 
triangular waveform ramping between 2.4 V and 6.0 V, 
with frequency determined by an external resistor (Rext) 
and capacitor (Cet) tied from Pins 1 and 2, respectively, 
to ground. . 


PWM Comparator 


The output of the ramp generator at pin 8 is normally 
connected to Pin 5, RAMP IN. The PWM (pulse width 
modulation) comparator compares the voltage at Pin 6 
(Veontro}) to the ramp generator output. The level of 
Veontro| determines the outputs’ pulse width or duty 
cycle. The duty cycle of each output can vary, exclu- 
sive of dead time, from 50% (when Vcontrol is at 
approximately 2.4 V) to 0% (Veontrol approximately 
6.0 V). 


Dead Time Comparator 


An additional comparator has been included in MC3420 
to allow independent adjustment of system dead time or 
maximum duty cycle. By dividing down Vref at Pin 9 
with a resistive divider or potentiometer, and applying 
this voltage to Pin.7, a stable dead time is obtained for 
prevention of inverter switching transistor cross conduc: 
tion at high duty cycles due to storage time delays. 


Phase Splitter 


A phase splitter is included to obtain two 180° out of 
phase outputs for use in multiple transistor inverter 
systems. It consists of a toggle flip-flop whose clock 
signal is derived by “ANDing” the output of the PWM 
comparator and a signal from the ramp generator section. 
This “AND” gate ensures that the outputs truly alternate 
under control loop transient conditions, Better under- 
standing of this feature and MC3420 operation may be 
gained by studying the circuit waveforms, shown in 
Figure 4. 


FIGURE 4 — INTERNAL WAVEFORMS 


Voltage at ~6.0 V 
Vcontrol Mae et, Se JoNe ts an fo 
Voltage at -_— 


Dead Time 
Adjust 
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Operation (Constant Power 
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*High Level Corresponds to 
Output Transistor 
Saturation 


Max. Duty Cycle 
(Limited By 
Dead Time Setting) 
(Low Input 

Voltage and/or 
Heavy Output Load) 


Ilustration of 
Prevention of ‘’‘Double- 
Pulsed’’ Outputs During 
Transient Conditions 

By Use of AND Gate 

At F/F Clock Input 
(Transient Output Load) 


Ramp In, Ramp Out Tied Together (Pins 8 & 5) 


PWM Out, Output 2 Inhibit Tied Together (Pins 4 & 16) 
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| FIGURE 5 — STANDARD AC, DC TEST CIRCUIT 
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| FIGURE 6 — FREQUENCY LIMIT TEST CIRCUIT 
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Note: Use voltage change on pins 6, 7 to change output states. 
A voltage must always be present on pins 6 and 7. 
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FIGURE 8 — OUTPUT LEAKAGE TEST CIRCUIT 
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FIGURE 9 — OUTPUT DUTY CYCLE TEST CIRCUIT 
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TYPICAL DUTY CYCLE 
versus DEAD TIME VOLTAGE 


PIN 7. % DUTY 


PIN 6. % DUTY 


DEAD TIME CYCLE Veontrot (V) CYCLE 100% Adjust 
VOLTAGE (V) |(FOR EACH (DEAD TIME |(FOR EACH og eine 
(Veontro! = 2-0 V)| OUTPUT) || VOLTAGE = 1.0 V)| OUTPUT) Seen (Pin 11+ Pin 13 = Logic 1") 


O% Adjust 
Dead Time 
Pulse Width 


(Pin 11)(Pin 13) Logic ‘‘1"’ 


NOTE: Logic ‘1’’ is TTL-Compatible Voy. 
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FIGURE 10 — INHIBIT/SYMMETRY TEST CIRCUIT 
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FIGURE 12 — Vcontro! BIAS CURRENT TEST CIRCUIT 
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FIGURE 13 — DEAD TIME BIAS CURRENT TEST CIRCUIT 


+30 V0 
O +10 V 


0.1 eli 
10 k 10 4 16 


= 
N 


FIGURE 14 — RAMP IN BIAS CURRENT TEST CIRCUIT 
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TYPICAL CHARACTERISTICS 


FIGURE 16 — OUTPUT SATURATION VOLTAGE FIGURE 17 — REFERENCE VOLTAGE versus 
| versus LOAD CURRENT REFERENCE CURRENT 


NEREE 
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~ 
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~ Vee(sat), OUTPUT SATURATION VOLTAGE (VOLTS) 
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FIGURE 18 — DRAIN CURRENT versus FIGURE 19 — PEAK FLIP-FLOPoy, VOLTAGE 
EXTERNAL RESISTANCE versus EXTERNAL RESISTANCE 


DRAIN CURRENT (mA) 


F/F out, PEAK FLIP-FLOP VOLTAGE (VOLTS) 


Rext, EXTERNAL RESISTANCE (k) Rext, EXTERNAL RESISTANCE (k2) 


FIGURE 21 — REFERENCE VOLTAGE TEMPERATURE 
FIGURE 20 — DRAIN CURRENT versus TEMPERATURE COEFFICIENT versus OUTPUT CURRENT 
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OPERATION AND APPLICATIONS INFORMATION 


The Voltage Reference 


The temperature coefficient of V;o¢ has been optimized 
for a 400 wA (#20 kQ2) load. If increased current capa- 
bility is required, an op amp buffer may be used, as 
shown in Figure 22. 


FIGURE 22 


Output Frequency 


The values of Rex and Cex+ for a given output frequency, 


fo, can be found from: 


fo &——0:95 55.0 kQ < Rext < 20 k2 (Ea. 1) 
Rext Cext 


or from the graph shown in Figure 23. 


Note that fg refers to the frequency of Output 1 (Pin 
11) or Output 2 (Pin 13). The frequency of the ramp 
generator output waveform at Pin 8 will be twice fo. 


FIGURE 23 


Rext, EXTERNAL RESISTANCE (k) 


| | N 
HT TE 
Mca hoes Tt 
2k 10 k 20 k 100 k 
fo OUTPUT FREQUENCY (Hz) 


Dead Time 


Figure 24 illustrates how to set or adjust the MC3420 
outputs dead time or maximum duty cycle. For mini- 
mum dead time drift with temperature or supply voltage, 
Vp.T. should be derived from Vref as shown. 


Pin 7 should always be tied to some voltage between 
Gnd and Vref. 


FIGURE 24 


Vo.T.-2 
4 


Vref 


Dead Time ~ =(. 
io\ 


Dead Time where fy is the output 
Adjust frequency 


Connections to the Vo nto Pin 


In many systems, it is necessary to make multiple con- 
nections to the Veontro} Pin in order to implement 
features in addition to voltage regulation such as current 
limiting, soft start, etc. These can be made by the use of 
a simple “‘diode-OR” connection, as shown in Figure 25. 
This allows whichever control element is seeking the 
lowest PWM duty cycle to dominate. Note that a re- 
sistor, R1, whose value is < 50 kQ2 is placed from the 
Vecontrol Pin to ground. This is necessary to provide a dc 
path for the PWM comparator input bias current under 
all conditions. 


The system duty cycle is given by: 


Ven, -2 
D.C. (%) = on X 100 (Eq. 2) 


FIGURE 25 


IN4148’s 


to soft start circuit 


to voltage control 
circuit 


to current limit 
" circuit 


R1<50 k2 
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FIGURE 27 
Soft Start 
In most PWM switching supplies, a soft start feature is 
desired to prevent output voltage overshoots and magne- 
| tizing current imbalances in the power transformer 
| primary. This feature forces the duty cycle of the 
switching elements to gradually increase from zero to 
their normal operating point during initial system power- 
up or after an inhibit. This feature can be easily imple- 
mented with the MC3420. One method is shown in 
Figure 26. 


T1 
to control 
circuitry 


* (to power switching 
Rectifiers section 


FIGURE 26 


to provide a time delay on the inhibit pin to keep it low 
until the input filter capacitor, C1, has had time to 
charge, whereas the initial portion of the soft start 
timing cycle can be used for this delay if this signal is 


pai aii derived from one of the output pins. However, using the 
To Voitage Oscillator Output Pin does offer the advantage that its 
& waveform has a constant 50% duty cycle, independent 
ily of the outputs’ duty cycle which can simplify the design 
Rees Loops of a drive circuit for T1. 
R1<50k2 4 D1 — D4: 1N4148 
Slaving 


In some applications, as when one PWM inverter/con- 
verter is used to feed another, it may be desired that 
their frequencies be synchronized. This can be done 
with multiple MC3420s as shown in Figure 28. By 
omitting their Rext and Ceyt, up to two MC3420s may 


After an inhibit command or during power-up, the volt- be slaved to a master MC3420. 

age on R1 and Pin 6 exponentially decays from Vcc 

toward ground with a time constant of R1C1, allowing a FIGURE 28 — SLAVING THE MC3420 
gradual increase in duty cycle. Diodes D2 — D4 provide 

a diode-or function at the Veontro} Pin, while Q1 serves ° O 

to reset the timing capacitor, C1, when an inhibit com- 

mand is received thereby reinitializing the soft-start ee 

feature. D1 allows C1 to reset when power (Vcc) is 

turned off. 


Inrush Current Limiting 


Since many PWM switching supplies are operated directly 
off the rectified 110 Vac line with capacitive input 
filters, some means of preventing rectifier failure due to 
inrush surge currents is usually necessary. One method 
which can be used is shown in Figure 27. | 

In this circuit, a series resistor, Rg, is used to provide 
inrush surge current limiting. After the filter capacitor, 
C1, is charged, Q1 receives a trigger signal from the con- Sen in 
trol circuitry through T1 and shorts Rs out of the cir- F/E Out 
cuit, eliminating its otherwise larger power dissipation. 
The trigger signal for Q1 may be derived from either the 
oscillator output (Pin 14) or one of the MC3420’s out- 
puts. If the oscillator output is used, it will be necessary 


“SLAVES” 


Rext Cext 


eee 
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15 V, 2 A DC-to-DC Converter 


Figure 29 illustrates the use of the MC3520 in a PWM 
switching power supply utilizing a single series switching 
element (see Appendix for description of PWM switching 
supply configurations). The series switching transistor, 
Qi, chops the dc input voltage, Vj, at a frequency of 
= 25 kHz, and the resulting waveform is filtered by L1 
and C1 to provide the dc output voltage. The frequency 
is set by R4 and C3, and since the outputs of the 
MC3520 are wire-ORed together, fo is twice that given 
by Equation 1 and Figure 23. V 4 is regulated by com- 
paring its value to the MC3520’s reference voltage and 
amplifying the error voltage with U1. The output of U1 
is fed into the MC3520 to provide PWM to Q1, thereby 
controlling its duty cycle and thus the value of Vo. 

C2 provides a soft-start feature during power up to 
prevent output voltage overshoots and excessive start up 
currents through Q1. 

Short circuit protection is provided by Rec, Q3 and 
Q4. When an overcurrent condition occurs, Q3 is turned 
on by the voltage across Roc; Q3 drives Q4 on, which 
raises the voltage at pin 6 (Voontro}) of the MC3520, 
reducing Q1’s duty cycle and maintaining a constant 
output current of = 2.5A. 


5 V, 50 A Line-Operated Supply 


A 5 V, 50 A line-operated 20 kHz switching power 
supply using the MC3520 is shown in Figures 30a and b. 
An explanation of the operation of each section of the 
supply follows. 


Input Section 


The 120 Vac line is full wave voltage doubled by CR1, 
CR2, C1 and C2 to provide 310 Vdc to the power 
section of the supply. Inrush surge current limiting is 
provided by R1, which is shorted out of the circuit by 
Q1 after C1 and C2 are initially charged. 


Power Section 


The supply utilizes two switching transistors, Q2 and 
Q3, in a half-bridge configuration (see Appendix) to 
drive the high frequency power transformer, T2. 

The bases of Q2 and Q3 are driven by T3 and T4, 
respectively, to provide isolation from the control and 
base drive sections of the supply. CR3, CR5, CR6, and 
CR8 constitute anti-saturation (Baker) clamps which 
provide increased and more uniform switching speeds for 


Q2 and Q3. CR4 and CR7 allow reverse base currents 
during turn off. 


Output Section 
The output of T2 is rectified by Schottky diodes, 


‘CRY and CR10. VR11 is a transient suppressor to protect 


CR9 and CR10 from transients that might cause reverse 
breakdown. L1 and C4 constitute the output filter. C4 
should have very low ESR (equivalent series resistance) 
at 20 kHz to provide the most effective filtering. L2 and 
C5 make up a high-frequency filter to reduce com- 
mutation spikes which pass L1 due to its interwinding 
capacitance. Roc provides output overcurrent sensing 
to the control section. 


Control Section 


The MC3520 provides the PWM control for the 
supply. R2 is adjusted to obtain a 20 kHz operating 
frequency. R3 adjusts the dead time (= 5 us each half- 
cycle). U1A and U1B are the output current and output 
voltage error amplifiers, respectively. R5 sets the output 
voltage while R4 determines the output current limit. 
C7 and C8 are the current and voltage loop compensa- 
tion capacitors. 

C6 provides the soft-start feature while Q4 ensures a 
soft-start after each system inhibit (pin 15 low). 


Base Drive Section 


Turn on drive to the power section switching transis- 
tors occurs when each of the outputs of the MC3520 
saturate. QO5 or QO6 are therefore turned on, and 15 V 
applied to the primaries of T3 or T4, supplying forward 
base drive to Q2 or Q3. 

Turn off drive occurs when Q5 or Q6 turn off, and 
the magnetizing energy stored in T3 or T4’s core is 
transformed into a negative ‘‘flyback” voltage at their 
secondaries, providing reverse base drive to Q2 or Q3. 
CR11 and CR12 act as clamps, to prevent this flyback 
voltage from exceeding -5 V at T3 or T4’s secondary 
(30 V on O5 or Q6’s collector). 


Q1 Driver Section 


Q7 and T1 provide the gate drive to Q1. Q7 starts 
operating after an initial delay of 100 ms created by the 
soft-start circuit, thereby allowing C1 and C2 to charge 
up before firing Q1. 
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FIGURE 29 ~ 15 V, 2A DC-TO-DC CONVERTER 
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or 


FIGURE 30a — 5 V, 50A LINE-OPERATED SUPPLY (continued on following page) 
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; LOW VOLTAGE 


| POWER SUPPLY T5: TRIAD F-91X, 30 VCT, 300 mA 


Unless otherwise noted, values shown are LF or ohms and resistors are 1/4 watt. 


Performance 


Line Regulation: 0.4% 

Load Regulation: 0.25% 

Output Ripple and Noise: 60 mV p-p 
25 mV rms 


Line current surge at turn-on: 35 A max 
Efficiency: 80% 


i 
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FIGURE 30b 
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Unless otherwise noted, values shown are UF or ohms and resistors are 1/4 watt. 


APPENDIX: BASIC PWM SWITCHING SUPPLY POWER CIRCUIT CONFIGURATIONS 


The material given in this section is intended to ac- 
quaint the designer with the basic switching transistor 
configurations used in PWM power supplies. Circuit con- 
figurations, collector voltage and current waveforms of 
the switching transistors, and required transistor speci- 
fications for the most commonly utilized configurations 
are shown in Figures 1A through 4A. It should be noted 
that the waveforms and specifications are idealized, in 


Series Configuration 


The single transistor series configuration is shown in 
Figure 1A. This configuration is usually limited to appli- 
cations in which 0.2 Voc < Vo < 0.8 Vcc and where 
input-output isolation is not required. 


Push-Pull Configuration 


that the effects of leakage inductance voltage spikes, Figure 2A shows the two-transistor push-pull configu- 
stray circuit capacitance, snubber networks, clamp diode ration. Unlike the series configuration, it can be used to 
overshoots, diode reverse recovery and saturation volt- either step-up or step-down the input voltage, Vec, and 
ages have been neglected. For more information on also provides input-output isolation. It does, however, 
these effects, the configurations, or switching supplies in have the disadvantage that additional circuitry must be 
general, consult the references listed in the References used to provide symmetry correction for the prevention 
section. . of transformer saturation. 
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Half-Bridge Configuration 


The half-bridge configuration, shown in Figure 3A, 
does not suffer from the symmetry problems of the 
push-pull configuration since the transformer primary is 
capacitively coupled. This prevents transformer core 
saturation since no net dc current is allowed to flow in 
its primary. 

Note that for the same input power, bus voltage, and 
duty cycle, the half-bridge requires switching transistors 


which have twice the current and half the voltage require- 
ments as those of the push-pull configuration. 


Full-Bridge Configuration 


By replacing the bridge capacitors, C, of the half- 
bridge configuration of Figure 4A results. With this 
configuration, double the power of the half-bridge con- 
figuration can be obtained at the expense of two addi- 
tional switching transistors and their associated circuitry. 


ABBREVIATIONS USED IN FIGURES 1A THROUGH 4A 


Ic: 
VCE: 
Prat 
Be Of 


Switching transistor collector current 

Switching transistor collector-to-emitter-voltage 
Average input power 

Inverter duty cycle 


Vcc: DC bus voltage 
VCEO(sus): VCE that transistor must withstand during 


turn-on 


VCEX: Vee that transistor must block during non- 


conduction period. 


FIGURE 1A — SERIES CONFIGURATION 


TRANSISTOR REQUIREMENTS* 
VcEO(sus) = VCC 


Vcex 2 Vec 
*See explanation of abbreviations in text. 


FIGURE 2A — PUSH-PULL CONFIGURATION 


TRANSISTOR REQUIREMENTS* 


Pin 
le 2 


D.C. x Vec 


VcEO(sus) = Vec 


Vcex 22Vcc 


*See explanation of abbreviations in text. 
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FIGURE 3A — HALF-BRIDGE 


VCE 


CONFIGURATION 


FIGURE 4A — FULL-BRIDGE 
CONFIGURATION 


TRANSISTOR REQUIREMENTS * 
2x Pin 
IC? Dox Vec 
VCEO(sus) = Vec/2 
Vcex 2 Vcc 


*See explanation of abbreviations in text. 


VCE 


TRANSISTOR REQUIREMENTS * 
Pin 
le = 


D.C.x Vee 


VCEO(sus) = Vec 
Vcex 2 Vcc 


*See explanation of abbreviations in text. 
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Specifications and Applications 
Information a OVERVOLTAGE 
SENSING CIRCUIT 


OVERVOLTAGE “CROWBAR"” SENSING CIRCUIT 
SILICON MONOLITHIC 


INTEGRATED CIRCUIT 


These overvoltage protection circuits (OVP) protect sensitive elec- 
tronic circuitry from overvoltage transients or regulator failures 
when used in conjunction with an external ‘‘crowbar’’ SCR. They 
sense the overvoltage condition and quickly ‘crowbar’ or short P1 SUFFIX 
circuit the supply, forcing the supply into current limiting or open- PLASTIC PACKAGE 


ing the fuse or circuit breaker. CASE 626-04 
The protection voltage threshold is adjustable and the MC3423/ (MC3423 only) 


3523 can be programmed for minimum duration of overvoltage 
condition before tripping, thus supplying noise immunity. 

The MC3423/3523 is essentially a ‘‘two terminal’’ system, there- 
fore it can be used with either positive or negative supplies. . 


U SUFFIX 
CERAMIC PACKAGE 


MAXIMUM RATINGS CASE 693-02 


Differential Power Supply Voltage R 
Sense Voltage (1) 8 


Sense Voltage (2) 
Remote Activation Input Voltage 


Output Current 


Operating Ambient Temperature Range 


MC3423 0 to +70 
MC3523 -55 to +125 


PIN CONNECTIONS 


Operating Junction Temperature ; 
Plastic Package aoe 3 
Ceramic Package ee 


Storage Temperature Range T stg -65 to +150 oc Vv 
EE 


Indicator 
Sense 2 Output 


Current Remote 
Source Activation 


TYPICAL APPLICATION (Top View) 


Current ORDERING INFORMATION 
Limited 


pc O.V.P. 
Power MC3523/3423 
TEMPERATURE RANGE | PACKAGE 
Supply 
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ELECTRICAL CHARACTERISTICS (5 v < Vcc -VEE < 36 V, Tiow < Ta < Thigh unless otherwise noted.) 


Characteristic 


Supply Voltage Range 
Output Voltage 

(tq = 100 mA) 
Indicator Output Voltage 


Sense Trip Voltage 

Temperature Coefficient of Vsense 14 
(Figure 2) 

Remote Activation Input Current 
(Vin = 2.0 V, Vcc-VEE = 5.0 V) 
(Vip = 0.8 V, Voc-V_EE = 5.0 V) 


Source Current 


Output Current Risetime 
(Ta = 25°C) 
Propagation Delay Time 
(Ta = 25°C) 
Supply Current 
MC3423 
MC3523 


Tlow = ~55°C for MC3523 Thigh = +125°C for MC3523 
= 0°C for MC3423 = +70°C for MC3423 


FIGURE 1 — BLOCK DIAGRAM 


Current 


30 Sense2 50 60 Indicator 
Remote Output 
Activation 


FIGURE 2 — SENSE VOLTAGE TEST CIRCUIT 


Switch 1 


| Switch 1 1 | Switch 2 | 


Ramp Vj, until output goes high; this is 
the Vsense threshold. 
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FIGURE 3 — BASIC CIRCUIT CONFIGURATION 


R1 R1 
Vtrip = Vret (1+ 55) ~26V (1455) 


R2 < 10 kQ for minimum drift 


For minimum value of Rg, see Figure 9 


*See text for explanation 


(+ Sense 
Lead) 


1 
To Vg — 10 
IN4740 Rg = (se) kO 
10 V MC3523 Load Rs = (—~g5—) is 25 
MC3423 é rs 
v Verip = Vref (Itg5) © 2.6 V (1455) 
*R2< 10 k2Q 
Q1: Vg < 50 V;2N6504 or equivalent 
Vg < 100 V; 2N6505 or equivalent 
Vs < 200 V; 2N6506 or equivalent 


Vs < 400 V; 2N6507 or equivalent 
Vs < 600 V; 2N6508 or equivalent 
Vs S 800 V; 2N6509 or equivalent 


FIGURE 5 — BASIC CONFIGURATION FOR PROGRAMMABLE DURATION OF 
OVERVOLTAGE CONDITION BEFORE TRIP 


source 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT CONFIGURATION 


The basic circuit configuration of the MC3423/3523 
OVP is shown in Figure 3 for supply voltages from 4.5 V 
to 36 V, and in Figure 4 for trip voltages above 36 V. The 
threshold or trip voltage at which the MC3423/3523 will 
trigger and supply gate drive to the crowbar SCR, Q1, is 
determined by the selection of R1 and R2. Their values 
can be determined by the equation given in Figures 3 and 
4, or by the graph shown in Figure 8. The minimum value 
of the gate current limiting resistor, RG, is given in 
Figure 9. Using this value of RG, the SCR, Q1, will receive 
the greatest gate current possible without damaging the 
MC3423/3523. If lower output currents are required, RG 
can be increased in value. The switch, S1, shown in Figure 
3 may be used to reset the SCR crowbar. Otherwise, the 
power supply, across which the SCR is connected, must 
be shut down to reset the crowbar. If a non current- 
limited supply is used, a fuse or circuit breaker, F1, 
should be used to protect the SCR and/or the load. 

The circuit configurations shown in Figures 3 and 4 
will have a typical propogation delay of 1.0 us. If faster 
operation is desired, pin 3 may be connected to pin 2 with 
pin 4 left floating. This will result in decreasing the propo- 
gation delay to approximately 0.5 us at the expense of a 
slightly increased TC for the trip voltage value. 


CONFIGURATION FOR PROGRAMMABLE MINIMUM 
DURATION OF OVERVOLTAGE CONDITION 
BEFORE TRIPPING 


In many instances, the MC3423/3523 OVP will be used 
in a noise environment. To prevent false tripping of the 
OVP circuit by noise which would not normally harm the 
load, MC3423/3523 has a programmable delay feature. To 
implement this feature, the circuit configuration of Figure 
5 is used. In this configuration, a capacitor is connected 
from pin 3 to VEE. The value of this capacitor determines 
the minimum duration of the overvoltage condition which 
is necessary to trip the OVP. The value of C can be found 
from Figure 10. The circuit operates in the following 
manner: When Vcc rises above the trip point set by R1 
and R2, an internal current source (pin 4) begins charging 
the capacitor, C, connected to pin 3. If the overvoltage 
condition disappears before this occurs, the capacitor is 
discharged at a rate = 10 times faster than the charging 
rate, resetting the timing feature until the next overvoltage 
condition occurs. 

Occasionally, it is desired that immediate crowbarring 
of the supply occur when a high overvoltage condition 
occurs, while retaining the false tripping immunity of 
Figure 5. In this case, the circuit of Figure 6 can be used. 
The circuit will operate as previously described for small 
overvoltages, but will immediately trip if the power 
supply voltage exceeds V71+1.4V. 


FIGURE 6 — CONFIGURATION FOR PROGRAMMABLE 
DURATION OF OVERVOLTAGE CONDITION BEFORE 
TRIP/WITH IMMEDIATE TRIP AT 
HIGH OVERVOLTAGES 


Power 


Supply 


(— Sense Lead) 


ADDITIONAL FEATURES 
1. Activation Indication Output 


An additional output for use as an indicator of OVP 
activation is provided by the MC3423/3523. This out- 
put is an open collector transistor which saturates 
when the OVP is activated. It will remain in a saturated 
state until the SCR crowbar pulls the supply voltage, 
Vcc, below 4.5 V as in Figure 5. This output can be 
used to clock an edge triggered flip-flop whose output 
inhibits or shuts down the power supply when the OVP 
trips. This reduces or eliminates the heatsinking re- 
quirements for the crowbar SCR. 


2. Remote Activation Input 


Another feature of the MC3423/3523 is its remote 
activation input, pin 5. If the volage on this CMOS/TTL 
compatible input is held below 0.8 V, the MC3423/ 
3523 operates normally. However, if it is raised to a 
voltage above 2.0 V, the OVP output is activated 
independent of whether or not an overvoltage con- 
dition is present. It should be noted that pin 5 has an 
internal pull-up current source. This feature can be 
used to accomplish an orderly and sequenced shut- 
down of system power supplies during a system 
fault condition. In addition, the activation indication 
output of one MC3423/3523 can be used to activate 
another MC3423/3523 if a single transistor inverter is. 
used to interface the former’s indication output to 
the latter’s remote activation input, as shown in 
Figure 7. In this circuit, the indication output (pin 6) 
of the MC3423 on power supply 1 is used to activate 
the MC3423 associated with power supply 2. Q1 is 
any small PNP with adequate voltage rating. 
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FIGURE 7 — CIRCUIT CONFIGURATION FOR 
ACTIVATING ONE MC3523 FROM ANOTHER 


Note that both supplies have their negative output 
leads tied together (i.e., both are positive supplies). If 
their positive leads are common (two negative supplies) 
the emitter of 01 would be moved to the positive lead 
of supply 1 and R1 would therefore have to be resized 
to deliver the appropriate drive to Q1. 


CROWBAR SCR CONSIDERATIONS 


Referring to Figure 11, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Coi,4. This capacitance con- 
sists of the power supply output caps, the load’s decou- 
pling caps, and in the case of Figure 11A, the supply’s 
input filter caps. This surge current is illustrated in Figure 
12, and can cause SCR failure or degradation by any one 
of three mechanisms: di/dt, absolute peak surge, or 12t. 
The interrelationship of these failure methods and the 
breadth of the applications make specification of the SCR 
by the semiconductor manufacturer difficult and expen- 
sive, Therefore, the designer must empirically determine 
the SCR and circuit elements which result in reliable and 
effective OVP operation. However, an understanding of 
the factors which influence the SCR’s di/dt and surge 
capabilities simplifies this task. 


1. di/dt 


As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very small region and gradually spreading. 
Since the anode current flows through this turned-on 
gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the 
occasion. 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 8— R1 versus TRIP VOLTAGE 
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FIGURE 9— MINIMUM Rg versus SUPPLY VOLTAGE 
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FIGURE 10 — CAPACITANCE versus 
MINIMUM OVERVOLTAGE DURATION 
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FIGURE 11 — TYPICAL CROWBAR OVP CIRCUIT 
CONFIGURATIONS 


DC 
Power 
Supply 


*Needed if supply not current limited 


FIGURE 12 — CROWBAR SCR SURGE CURRENT 
WAVEFORM 


Surge Due to 
Output Capacitor 


Current Limited 
Supply Output 


FIGURE 13 — CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 


Output 
Cap 


R& bt EMPIRICALLY DETERMINED! 


The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics of 
the gate drive signal. A center-gate-fire SCR has more 
di/dt capability than a corner-gate-fire type, and heavily 
overdriving (3 to 5 times IGT) the SCR gate with a fast 
< 1.0 us rise time signal will maximize its di/dt capa- 
bility. A typical maximum number in phase control SCRs 
of less than 50 A(RMS) rating might be 200 A/ys, as- 
suming a gate current of five times IGT and < 1.0 us 
rise time. If having done this, a di/dt problem is seen 
to still exist, the designer can also decrease the di/dt of 
the current waveform by adding inductance in series 
with the SCR, as shown in Figure 13. Of course, this 
reduces the circuit's ability to rapidly reduce the dc bus 
voltage and a tradeoff must be made between speedy 
voltage reduction and di/dt. 


2. Surge Current 

If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device over- 
heating will result. The surge capability of the SCR is 
directly proportional to its die area. If the surge current 
cannot be reduced (by adding series resistance — see 
Figure 13) to a safe level which is consistent with the 
system's requirements for speedy bus voltage reduc- 
tion, the designer must use a higher current SCR. This 
may result in the average current capability of the SCR 
exceeding the steady state current requirements im- 
posed by the dc power supply. 


A WORD ABOUT FUSING 

Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring back 
to Figure 11A, it will be seen that a fuse is necessary if 
the power supply to be protected is not output current 
limited. This fuse is not meant to prevent SCR failure 
but rather to prevent a fire! 

In order to protect the SCR, the fuse would have to 
possess an (2 rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 
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The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
11B. 

For a complete and detailed treatment of SCR and 
fuse selection, refer to Motorola Application Note 
AN-789. 


CROWBAR SCR SELECTION GUIDE 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


-—pevice [ins [tra | PACKAGE 


2N6400 Series TO220 Plastic 
2N6504 Series TO220 Plastic 


2N 1842 Series Metal Stud 
2N2573 Series Metal TO-3 Type 
2N681 Series Metal Stud 
MCR3935-1 Series ‘Metal Stud 


MCR81-5 Series Metal Stud 
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Advance Information 


POWER SUPPLY SUPERVISORY CIRCUIT/ 
*  DUAL-VOLTAGE COMPARATOR 


The MC3424 series is a dual-channel supervisory circuit, consist- 
ing of two uncommitted input comparators, a reference, output 
comparators, with high current Drive and Indicator outputs foreach 
channel. The input comparators feature programmable hysteresis, 
high common-mode rejection, and wide common-mode range, capa- 
ble of comparing at ground potential with single-supply operation. 
Separate Delay pins are provided to increase noise immunity by 
delaying activation of the outputs. A2.5 V bandgap voltage reference 
is pinned-out for referencing the input comparators, or other exter- 
nal functions. Independent high current Drive and Indicator outputs 
for each channel can source and sink up to 300 mA and 30 mA 
respectively. CMOS/TTL compatible digital inputs provide Remote 
Activation of each channel's outputs. An Input Enable pin allows 
control of the input comparators. 

Although this device is intended for power supply supervision, the 
pinned-out reference, uncommitted input comparators, and many 
other features, enable the MC3424 series to be utilized for a wide 
range of applications. 


Pinned-Out 2.5 V Reference 

Wide Common-Mode Range 
Programmable Hysteresis 
Programmable Time Delays 

Two 300 mA Drive Outputs 

Remote Activation Capability 

Wide Supply Range: 4.5V<Vcc < 40 V 


APPLICATIONS 

Dual Over-Voltage ‘“‘Crowbar”’ Protection 
Dual Under-Voltage Supervision 
Over/Under Voltage Protection 
Split-Supply Supervision 

Line-Loss Sensing 

Proportional Controller 

Programmable Frequency Switch 
Battery Charger 


TYPICAL APPLICATION 


Over-Voltage Crowbar Protection, Under-Voltage Indication 


Under-Voltage 


Indication 


(AA) MOTOROLA 


POWER SUPPLY SUPERVISORY 


CIRCUIT/ DUAL VOLTAGE 
COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


PIN CONNECTIONS 


Vref 


Enable 
Select! /C1+ 


(Top View) 


ORDERING INFORMATION 


Temperature 
Range Package 
MC3524L, AL -55 to +125°C Ceramic DIP 
MC3324L, AL AO to +85° Ceramic DIP 
MC3324P, AP | ~40 to +85°C Plastic DIP 
MC3424L, AL 70° Ceramic DIP 
MC3424P, AP Oro +70°0 Plastic DIP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-160 


MIC3424,A, MC3524,A, MC3324,A 


MAXIMUM RATINGS 


Rating 


Power Supply Voltage 
Comparator Input Differential Voltage Range 


Comparator Input Voltage Range 


ior __| 

a 
Input Enable Voltage Range 
Remote Activation Input Voltage Range -0.3 to +40 


Drive Output Short-Circuit Current 


Indicator Output Voltage 


0 
j Md 


Indicator Output Sink Current 


Reference Short-Circuit Current 


Power Dissipation and Thermal Characteristics 
Ceramic Package 


Maximum Power Dissipation @ Ta = 95°C 1000 

Thermal Resistance Junction to Air RaJA 80 
Plastic Package 

Maximum Power Dissipation @ Ta = 70°C Pp 1000 

Thermal Resistance Junction to Air ReJA 80 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Qu 
+ + 
—_ —_ 
on 
ou 

) 

(@) 


Operating Ambient Temperature Range 


MC3524, MC3524A -55 to +125 
MC3324, MC3324A -40 to +85 
MC3424, MC3424A 0 to +70 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


Tstg 
-65 to +175 
-55 to +150 


4 


ELECTRICAL CHARACTERISTICS (4.5 V<Vcc <40 V; Ta = Tlow to Thigh [see Note 1] unless otherwise specified.) 


Vref j Vdc 
2.475 2.5 2.525 2.4 2.5 2.6 
2.45 2.5 2.55 2.33 2.5 2.63 


REFERENCE SECTION 
© 


Reference Output Voltage 
Vcc = 15V; IL =O mA 

Ta = 25°C 

Ttow to Thigh (Note 1) 


Line Regulation 
45V<Vcc < 40 V; IL =0 mA; Ty = 25°C 


Load Regulation 
OmA< IL <10mA; Vcc= 15 V; 
Ty = 25°C 


Output Short-Circuit Current (Ta = 25°C) — 10S(ref) | | 
Power Supply Voltage Operating Range 


jtesin |= 


~ 

oO 
a 

< 


N 
~ 
oO 
= 
| 
< 


E 
w 
B 
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Power Supply Current 
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Vc1-. Ve2-=9V 
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NOTES: 
(1) Tlow = -55°C for MC3524, MC3524A Thigh = +1 25°C for MC3524, MC3524A 
= -40°C for MC3324, MC3324A = +85°C for MC3324, MC3324A 
= 0°C for MC3424, MC3424A = +70°C for MC3424, MC3424A 


(2) The input common-mode voltage or input signal voltage should not be allowed to go negative by more than 300 mV. The upper functional limit of the com- 
mon-mode voltage range is typically Vcc -1.4 volts, but either or both inputs can go to 40 volts, independent of Vcc, without device destruction. 


(3) The Vin(es1) limits are approximately 0.9 times the Vre¢ limits over the applicable temperature range. 


(4) The Vth(OC) limits are approximately the Vref limits over the applicable temperature range. 
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ELECTRICAL CHARACTERISTICS (4.5 V<Vcc <40 V; Ta = Tiow to Thigh [see Note 1] unless otherwise specified.) 


| | Sool MC3524A/3424A/3324A MC3524/3424/3324 
Characteristic Symbol 


INPUT SECTION 


Input Offset Voltage 10 
Ta = 25°C 
Tow to Thigh (Note 1) 


| Input Offset Current 
| Ta = 25°C 
Tiow to Thigh (Note 1) 


Input Bias Current 
Ta = 25°C 


Comparator Input Functional Common VICR 
Mode Range (Ta = 25°C, Note 2) 
Hysteresis Activation Voltage VH(act) 
Vec = 15 V; Vo1+. Vea+ = Vec: Ta = 25°C 
ly = 10% 
ly = 90% 
Hysteresis Current Hy 
Vec = 15 V; Vc1-. Ve2- = 2.5 V; 
Vc1+. Vc2+ = Vcc: Ta = 25°C 
Common Mode Rejection Ratio CMRR 


Power Supply Rejection Ratio PSRR 
input Enable Threshold (Pin 16; Note 3) Vth(IE) 


Input Enable Current (Pin 16) 
VIL(IE) = OV NL(IE) 
VIH(IE) = 40 V IH(IE) 
| 


Enable Select 1 Threshold Voltage (Pin 2) Vth(ES1) 


Delay Pin Voltage (Ip_y = 0 mA) 
Low State VOL(DLY) ; 
High State VOH(DLY) Vcec-0.5 |Vcec-0.15 


Vcec-0.5 
Delay Pin Source Current IDLY(source) 
| Vec = 15 V; VoLy1. VoLy2 =90V 
Delay Pin Sink Current IDLY(sink) 
Vcc = 15 V; VoLy1. VoLY2= 2.5 V 
OUTPUT SECTION 


Drive Output Peak Current (Ta = 25°C) IDRV(peak) 


200 


Vcec-2.5 Vcec-2.5 


P= 200 
| = | Vec-25 | 
2.0 


Drive Output Transient Rejection (Ta = 25°C)} IpRvitrans) 1.0 


Vec =O V to 15 V at dV/dt = 200 V/us; 
Vc1-. Vc2- = Vref: Ve1+, Ve2+=0V 


Indicator Output Saturation Voltage VIND(sat) 
liND = 30 mA; Ta = 25°C 

Indicator Output Leakage Current lIND(leak) 
VOH(IND) = 40 V 


Output Comparator Threshold V (Note 4) Vth(OC) 2.45 
Remote Activation Threshold Voltage Vth(RA) 1.3 


Remote Activation Current 
VIL(RA) = OV HL(RA) 
VIH(RA) = 40 V NH(RA) 


| Propagation Delay (Vcc = 15 V; Ta = 25°C) 

| Input to Drive Output tPLH(IN/ DRV) 
: 100 mV Overdrive, Cp, y= 0 uF 

| Remote Activation to Drive Output tPLH(RA/DRV) 
: 1.4 V Overdrive (2.5 V to O V Step) 


-100 
70 
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FIGURE 1 — HYSTERES!IS CURRENT versus FIGURE 2 — HYSTERESIS ACTIVATION VOLTAGE 


HYSTERESIS ACTIVATION VOLTAGE versus TEMPERATURE 
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-FIGURE 7 — OUTPUT DELAY TIME versus _ 
DELAY CAPACITANCE 


tp_y. OUTPUT DELAY TIME (mS) 


0.001 
0. 0.01 0.1 
Cozy. DELAY PIN CAPACITANCE (uF) 


0001 0.001 1.0 


FIGURE 9 — DRIVE OUTPUT SATURATION VOLTAGE 
versus OUTPUT PEAK CURRENT i 
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1.0% Duty Cycle @ 300 Hz Pt 
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VoH(DRV). DRIVE OUTPUT SATURATION VOLTAGE (V) 


10 
IDRV(peak) ORIVE OUTPUT PEAK CURRENT (mA) 


FIGURE 11— DRIVE OUTPUT SATURATION VOLTAGE | 
versus TEMPERATURE 


Veg = 15 V 


IDRV(peak) = 200 mA 
1.0% Duty Cycle @ 300 Hz 


VoH(DRV). DRIVE OUTPUT SATURATION VOLTAGE (V) 


Ta, AMBIENT TEMPERATURE (°C) 


IDLY (source). DELAY PIN SOURCE CURRENT (1A) 


__MIND(sat). INDICATOR OUTPUT SATURATION VOLTAGE (V) 
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Icc. POWER SUPPLY CURRENT (mA) — 
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FIGURE 8 — DELAY PIN SOURCE CURRENT 
versus TEMPERATURE 
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FIGURE 10 — INDICATOR OUTPUT SATURATION 
VOLTAGE versus OUTPUT SINK CURRENT 


| N- 


BRNEREEE 
LET Nt 
BREENEEE 
BRREENEE 


10 20 3n 
lwp. INDICATOR OUTPUT SINK CURRENT (mA) 


FIGURE 12 — POWER SUPPLY CURRENT 
versus VOLTAGE 
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FIGURE 13 — THE COMPLETE VOLTAGE SENSE CAPABILITY OF THE INPUT COMPARATORS, 
WITH OR WITHOUT PROGRAMMABLE HYSTERESIS. 


VOLTAGE SENSE (Vs) 


WITH HYSTERESIS |WITHOUTHYSTERESIS| WITH HYSTERESIS |WITHOUT HYSTERESIS 
Vs 


Vs 


*26 = 1.1 Volts at Ty = 25°C 
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FIGURE 14 — MC3524/3424/3324 BLOCK DIAGRAM 


: VCC 
! 


Enable 
Select 1/ 
C1+0 + 
= omparator 
a 
- 


Reference 
Regulator 


5 
RA1 RA2 Vref Gnd 
OUTPUT SECTION 


| 
DLY2 DLY1 : 
INPUT SECTION | 


Note: All voltages and currents are nominal. 
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CIRCUIT DESCRIPTION 


The MC3424 series isa high current output, dual chan- 
nel power supply supervisory circuit. Basic circuit con- 
figuration is shown in Figure 14. Each channel features a 
true differential input comparator with a common-mode 
range from ground potential to Vcc - 1.4 volts, with single 
supply operation. The inverting inputs of each input com- 
parator (C1-, C2-) have a feedback activated 12.5 pA 
current sink for programming input comparator hysteresis. 
Source resistance of the inverting inputs determines the 
amount of hysteresis for each input comparator. The 
hysteresis feature can be defeated by reducing the invert- 
ing input voltage of the respective input comparator to less 
than two diode drops (2 ¢ = 1.1 volts) above Gnd (See 
Hysteresis Activation Voltage specification). A complete 
matrix of various input comparator conditions is shown in 
Figure 13. 

The digital Input Enable (IE) pin provides full enable/ 
disable control of one or both of the input comparators. 
Input Comparator 1 enable control is allowed if the Enable 
Select1 /Non-Inverting Input (pin 2) is less than 90% of 
the internal 2.5 volts reference (0.9 Vref = 2.25 V). If the 
Input Enable Select1/Non-Inverting Input (pin 2) is 
greater than 0.9 Vref, Comparator 1 is not affected by the 
logic state of the Input Enable pin and always remains 
enabled. 

The voltage threshold of the Input Enable pin is TTL- 
compatible. A logic level ‘’1’’ permits normal operation 
of input comparators, as stated above. A logic ‘‘0"’ forces 
the respective Delay pin (DLY1, DLY2) to a low state, 
independent of the input comparator's state. 

The selective enabling feature of Input Comparator 1 is 
directly applicable when the MC3424 series is used as an 
over- and under-voltage supervisory circuit, where chan- 
nel 2 (Input Comparator 2) is monitoring under-voltage 
conditions, and channel 1 is utilized for over-voltage pro- 
tection. The ability to keep channel 1 (Input Comparator 1) 
active, while disabling channel 2, provides immediate 
over-voltage protection during power supply turn-on, 
while the under-voltage channel (2) can be disabled dur- 
ing the power supply turn-on rise time to the regulated 
level, preventing false indication of an under-voltage 
condition. If it is desired to monitor two independent 
voltages for an under-voltage condition, both channels 
can be selectively disabled until the slowest supply 
reaches its regulated voltage. 

Separate Delay pins(DLY1, DLY2) are provided for each 
channel to independently delay the Drive and Indicator 
Outputs, thus providing greater input noise immunity. 
The two Delay pins are essentially the outputs of the 
respective input comparators, and provide a constant 
current source of typically 200 nA when the non-inverting 
input voltage is greater than the inverting input level 
(Vc1+ > Vc1-: Vc2+ > VC2-). 


A capacitor (Cp y) tied to these Delay pins will establish 
a predictable delay time (tpLy) of the Drive and Indicator 
outputs for the respective channel. The Delay pins are 
internally tied to the non-inverting input of Output Com- 
parators 1 and 2, which are referenced to 2.5 volts. There- 
fore, delay time (tpLy) is based on the constant current 
IDLY(source) charging the external delay capacitor (CDLY) 
to 2.5 volts or: 


Vref CDLY_ _ 2.5 CDLY 
IDLY(source) 200 uA 
Figure 7 provides Cp_y values for a wide range of time 
delays. 

The Delay pins are pulled low when the respective input 
comparator’s non-inverting input is less than the inverting 
input (Vc1+ < Vc1-; Vo2+ < Vc2-), or when the Input 
Enable pin is at a low logic level. The sink current (2 
1.8 mA) capability of the Delay pins is much greater than 
the typical 200 wA source current, thus enabling a 
relatively fast delay capacitor discharge time. 

Each independent channel of the MC3424 series has a 
Drive (DRV) and Indicator output (IND) which respectively 
source and sink current simultaneously. The Drive out- 
puts are current-limited emitter-followers capable of 
sourcing 300 mA at a turn-on slew rate of 2.0A/,S, ideal 
for driving ‘‘Crowbar’’ SCR’s. The Indicator outputs are 
open collector, NPN transistors, capable of sinking 30 mA 
to provide sufficient drive for LED’s, small relays or 
regular shut-down circuitry. These current capabilities 
apply to both channels operating simultaneously, provid- 
ing device power dissipation limits are not exceeded. 

Separate TTL-compatible Remote Activation inputs 
(RA1, RA2) for each channel will activate the Drive and 
Indicator outputs of the respective channel, independent 
of the input comparator state, when a low logic level is 
applied. The active low for remote activation permits 
latching of the respective outputs by connecting the 
Indicator output, via a < 5.0 K resistor to the Remote 
Activation input of the same channel, as shown in Figure 
18. Latching will now occur by either of the Remote Acti- 
vation inputs with a short duration low logic level, or by 
the input comparators. Unlatching of each channel is 
accomplished with a short duration, high logic level at the 
Remote Activation pin. 

The MC3424 series has an internal 2.5 V bandgap 
reference capable of sourcing up to 10 mA of load current 
for external bias circuits. This reference has an accuracy 
of +4.0% for the basic devices and +1.0% for the A-suffix 
device types at 25°C. The reference has a typical temper- 
ature coefficient of 30 ppm/°C for A-suffix devices. 


tDLY = = 12500 Cp_Ly. 
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CROWBAR SCR CONSIDERATIONS 


Referring to Figure 15, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Coyt. This capacitance 
consists of the power supply output capacitors, the load’s 
decoupling capacitors, and in the case of Figure 15A, the 
supply’s input filter capacitors. This surge current is illus- 
trated in Figure 16, and can cause SCR failure or degra- 
dation by any one of three mechanisms: di/dt, absolute 
peak surge, or I2t. The interrelationship of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 
difficult and expensive. Therefore, the designer must 
empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCR’s di/dt and surge capabilities simplifies this task. 


1. di/dt 


As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
Starting as a very small region and gradually spreading. 


Since the anode current flows through this turned-on 
gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the 
occasion. 

The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type, and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast <1.0 us rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRs of less than 50 A(RMS) rating might be 
200 A/us, assuming a gate current of five times IGT 
and< 1.0 us rise time. If having done this, a di/dt prob- 
lem is seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc- 
tance in series with the SCR, as shown in Figure 17. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


FIGURE 15 — TYPICAL CROWBAR CIRCUIT 
CONFIGURATIONS 


15A — SCR ACROSS INPUT OF REGULATOR 


Series 
Regulator 


MC3524,A : 


*Needed if supply not current limited 
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FIGURE 16 — CROWBAR SCR SURGE CURRENT 
WAVEFORM 


Surge Due to 
Output Capacitor 


Current Limited 
Supply Output 


2. Surge Current 


If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device 
overheating will result. The surge capability of the SCR 
is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
— see Figure 17) to a safe level which is consistent 
with the system's requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 
This may result in the average current capability of the 
SCR exceeding the steady state current requirements 
imposed by the dc power supply. 


FIGURE 17 — CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 


Output 
Cap 


To 
MC3524, A 


R & L EMPIRICALLY DETERMINED 


A WORD ABOUT FUSING 


Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring back to 
Figure 15A, it will be seen that a fuse is necessary if the 
power supply to be protected is not output current limited. 
This fuse is not meant to prevent SCR failure but rather 
to prevent a fire! 

In order to protect the SCR, the fuse would have to 
possess an /2t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 

The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 


~ the designs, this will be the case, though this is difficult to - 


guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
15B. 


CROWBAR SCR SELECTION GUIDE 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


| pevice | inms| trsm| PACKAGE _| 


MCR67 Series Metal Stud 
MCR68 Series TO-220 Plastic 
2N1842 Series Metal Stud 


- 2N6400 Series 
2N6504 Series 
2N681 Series 

2N2573 Series 
MCR69 Series 
MCR7O Series 
MCR71 Series 


TO-220 Plastic 
TO-220 Plastic 
Metal Stud 
TO-3 Metal Can 
TO-220 Plastic 

Metal Stud 
Metal Stud 


For acomplete and detailed treatmentof SCR and fuse selection 
refer to Motorola Application Note AN-789. 
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APPLICATIONS INFORMATION 


FIGURE 18 — OVERVOLTAGE PROTECTION OF SPLIT SUPPLIES WITH DELAY AND 
LATCHED-FAULT INDICATION. 
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FIGURE 19 — OVERVOLTAGE PROTECTION OF 5.0 V SUPPLY 
\ WITH LINE LOSS DETECTOR 
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FIGURE 20 — LATCHING OVERVOLTAGE SENSING CIRCUIT 
WITH INTERMITTENT AUDIO ALARM 


III Mallory 


Sonalert SC628 


"Pick-up Voltage Range: 19 V to 29 V 
Hysteresis a 
Voltage Adjust Hysteresis: 2.0 Vto 7.0 V 
Drop-Out Voltage = Pick-up Voltage - 
Hysteresis Voltage 
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FIGURE 22 — 9.0 V BATTERY CHARGER with ZERO SENSE LOAD CURRENT 


——— Charge Current 


Charge 
V =9.0V 
bat Indicator 


\ 


MC3524,A 


IHRH = 200 mV 


Battery Charge | 


The 8.8 volt charge reference is derived from V; ef using compar- 
ator 2 as anop amp. The IWRy product determines the final charge acl 
voltage. Resistor Ry limits the charge current. 


Battery Decay Li 
ees Vcc - Vbat = 3.0 V 
chg Ry Ry t 


FIGURE 23 — PROPORTIONAL CONTROL CIRCUIT 
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FIGURE 24 — ALTERNATING TWO TONE GENERATOR 
(EUROPEAN SIREN) 


MC3524, A Oscillator 
Output 


15 1.0k 


C2+ fee at 
i Vref RAI RA2 IE Gnd 
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FIGURE 25 — TONE BURST GENERATOR 
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“FIGURE 26 — PHOTOFLASH CONVERTER 


T1: 30:1 Step up 


T2: Triad PL-10 


Gnd 


Shutter 


FIGURE 27 — PROGRAMMABLE FREQUENCY SWITCH 


Input Signal 


Ay O—) Frequency indicator on when 


1.0Vp-p input signal frequency < (trip) 
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FIGURE 28 — EMERGENCY LIGHTING SYSTEM 


1.0 TIP32 


All diodes are 1N4001. 


1. Battery charge current ~ 0.6 A. Charger will cycle OFF at 6.6 V, ON at 6.4 V. 
3 V, lamp will turn OFF. 


2. Lamp is ON with loss of ac and battery voltage 2 5.7 V. As battery discharges to< 5. 


FIGURE 29 — REFERENCE TEMPERATURE COEFFICIENT MODIFICATIONS 


=18V 
2.0 mv /°C 


Te. eV. 
40mvV/°C 


2.0 mV/°C 3600 


=11V 
4.0 mV/°C 


~O.7V PPM/°C 


All diodes are 1N4001. 


29A. Fixed positive T.C. 
29B. Variable positive or negative T.C. 
29C. Variable positive or negative T.C. with almost constant voltage. 
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MC3525 MC3525A (AA) MOTOROLA 


Advance Information 


POWER SUPPLY SUPERVISORY/ 
OVER-UNDER-VOLTAGE 
PROTECTION CIRCUIT 


SILICON MONOLITHIC 
POWER SUPPLY SUPERVISORY/OVER-UNDER- INTEGRATED CIRCUIT 
VOLTAGE PROTECTION CIRCUIT 


The MC3425/3525 is a power supply supervisory circuit contain- 
ing all the necessary functions required to monitor over- and under- 
voltage fault conditions. These integrated circuits contain dedicated 
over- and under-voltage sensing channels with independently pro- 
grammable time delays. The over-voltage channel has a high current P1 SUFFIX 
Drive Output for use in conjunction with an external SCR ‘Crowbar’ PLASTIC PACKAGE 
for shutdown. The under-voltage channel input comparator has CASE 626-04 
hysteresis which is externally programmable, and an open-collector 
output for fault indication. 

@ Dedicated Over- And Under-Voltage Sensing 

@ Programmable Hysteresis Of Under-Voltage Comparator 

@ Internal 2.5 V Reference 

@ 300 mA Over-Voltage Drive Output U SUFFIX 

@ 30 mA Under-Voltage Indicator Output CERAMIC PACKAGE 
@ Programmable Time Delays CASE 693-02 

@ 


4.5 V to 40 V Operation 


PIN CONNECTIONS 


0.V. DRV 
Output 


TYPICAL APPLICATION . 0.V. DLY 
O.V Sense 


Over-Voltage Crowbar Protection, Under-Voltage Indication 
U.V. Sense 


(Top View) 


0 Under-Voltage 


Indication ORDERING INFORMATION 


Temperature 
Device Range Package 
MC3525U, AU | -55 to +125°C 
MC3425P1, AP1 Plastic DIP 
: 0 to +70°C ; 
MC3425U, AU Ceramic DIP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 


Findstor OuipurSinkcurent———SSSS* 8k 


Power Dissipation and Thermal Characteristics 
Ceramic Package 
Maximum Power Dissipation @ Ta = 95°C 
Thermal Resistance Junction to Air 
Plastic Package 
Maximum Power Dissipation @ Ta = 70°C 
Thermal Resistance Junction to Air 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
MC3425, MC3425A 
MC3525, MC3525A 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


Oto +70 
~55 to +125 


-65 to +175 
-55 to +150 


MC3525A/3425A MC3525/3425 
cs ce yo [Mex | 
REFERENCE SECTION 


Sense Trip Voltage (Reference Voltage) VSense 
Vcc =15V | 
Ta = 25°C ; 2.5 
Tlow to Thigh (Note 1) ‘ : ! . 2.5 


Line Regulation of VSense ReQline 7.0 
45V<Vecc < 40 V; Ty = 25°C 
Power Supply Voltage Operating Range 


Power Supply Current 
Vec = 40 V; Ta = 25°C; No Output Loads 
O.V. Sense (Pin 3)=0 V; ICC(off) 
U.V. Sense (Pin 4)= Vcc 


O.V. Sense (Pin 3) = Vcc: ICC(on) 
U.V. Sense (Pin 4)=OV 


NOTES: : ; 
(1) Tlow = -55°C for MC3525, MC3525A Thigh = +125°C for MC3525, MC3525A 
= 0°C for MC3425, MC3425A = +70°C for MC3425, MC3425A 


(2) The input signal voltage should not be allowed to go negative by more than 300 mV or positive by more than 40 V, independent of Vcc. 
without device destruction. , 


(3) The Vip(Oc) limits are approximately the Vsense limits over the applicable temperature range. 
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ELECTRICAL CHARACTERISTICS (45 V<Vcc <40 V: Ta = Tiow to Thigh [see Note 1] unless otherwise specified.) 


| eee meseeeaee MC3525/3425 

. Characteristic Symbol r Typ | 
0.6 
0.8 


Hee 15 


INPUT SECTION 
Input Bias Current, O.V. and UV. Sense 


Hysteresis Activation Voltage, U.V. Sense 
Vcc = 15 V: Ta = 25°C; 

Ip = 10% 

lH = 90% 

Hysteresis Current, U.V. Sense 
Vcc = 15 V; Ta = 25°C; 

U.V. Sense (Pin 4) = 2.5 V 


Delay Pin Voltage (Ip_y = 0 mA) 


0.8 
Low State VOL(DLY) 


0.2 
High State VOH(DLY) Vec-0. 5 ae 15 
Delay Pin Source Current IDLY(source) 150 
Vec=15V; VpLy=0V 


Vec-0. 5 


Delay Pin Sink Current IDLY(sink) 
Vcc = 18 V; VpoLy = 2.5 V 


OUTPUT SECTION 


Drive Output Peak Current (Ta = 25°C) 


Drive Output Voltage 
IpRvV = 100 mA; Ta = 25°C 


Lb 


Vec-2.5 | Vcc-2.0 


Vec-2.5 | Vec- 2 


IDRV(peak) 
VOH(DRV) 


Drive Output Leakage Current 
Vorv=0V 


IDRV(leak) 


di/dt 
IDRV(trans) 


Drive Output Current Slew Rate (Ta = 25°C) 


Drive Output Vcc Transient Rejection 
Vcc =0 Vto 15 V at dV/dt = 200 V/us; 
0.V. Sense (Pin 3) =0 V; Ta = 25°C 


Indicator Output Saturation Voltage VIND(sat) 
IND = 30 mA; Ta = 25°C 


Indicator Output Leakage Current lWND(leak) 
VOH(IND) = 40 V 


Output Comparator Threshold Voltage Vth(OC) 
(Note 3) 


Propagation Delay Time (Vcc = 15 V; 
Ta = 25°C) 
Input to Drive Output or Indicator Output 

100 mV Overdrive, Cpo_y = 0 uF 


tPLH(IN/OUT) 


Input to Delay 
2.5 V Overdrive (0 V to 5.0 V Step) 


CEE) 
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FIGURE 1 — HYSTERESIS CURRENT versus 
HYSTERESIS ACTIVATION VOLTAGE 
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VH(act}: HYSTERESIS ACTIVATION VOLTAGE (V) 


FIGURE 3 — HYSTERESIS CURRENT 
versus TEMPERATURE 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — OUTPUT DELAY TIME versus 
DELAY CAPACITANCE 


tp_y, OUTPUT DELAY TIME (mS) 


1 
0.0001 0.001 0.01 0.1 1.0 10.0 
Cory. DELAY PIN CAPACITANCE (uF) 


Vii(act). HYSTERESIS ACTIVATION VOLTAGE (V) 


AVSense. SENSE TRIP VOLTAGE CHANGE (mV) 


IDLY(source), DELAY PIN SOURCE CURRENT (1A) 


FIGURE 2 — HYSTERESIS ACTIVATION VOLTAGE 
versus TEMPERATURE 


VH(act) = Voltage Level 
at which Hysteresis 
Current (ly) is 90% 

of full value. 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — SENSE TRIP VOLTAGE CHANGE 
versus TEMPERATURE 


Vec = 15 V 
"VSense at Ta = 25°C 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — DELAY PIN SOURCE CURRENT 
versus TEMPERATURE 
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Ta. AMBIENT TEMPERATURE (°C) 
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FIGURE 8 — INDICATOR OUTPUT SATURATION 
VOLTAGE versus OUTPUT SINK CURRENT 


FIGURE 7 — DRIVE OUTPUT SATURATION VOLTAGE 
versus OUTPUT PEAK CURRENT 
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FIGURE 10 — POWER SUPPLY CURRENT 
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FIGURE 9 — DRIVE OUTPUT SATURATION VOLTAGE 
Ta, AMBIENT TEMPERATURE (°C) 
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APPLICATIONS INFORMATION 


FIGURE 11 — OVERVOLTAGE PROTECTION AND UNDER VOLTAGE FAULT INDICATION 
WITH PROGRAMMABLE DELAY 


e +Vo 


R1A 
VO(trip) =25Vi1+ rey 


R1B R2B 
U.V. Hysteresis =Iq [| —--—— 
R1iB+R2B 


Vcc 


U.V. ULV. 
Sense IND 


U.V. Fault 
Indicator 


MC3525, A 
OV. OV. 
Sense DRV 


OV. U.V. 
DLY Gnd DLY 


toLy = 12500 Co_y 


FIGURE 12 — OVERVOLTAGE PROTECTION OF 5.0 V SUPPLY WITH LINE LOSS DETECTOR 


+5.0V 
Power 
Supply 


Vo=5.0V 
VO(trip) = 6.25 V 


ULV. 


Sense IND O Line Loss Output 
en 


MC3525, A 


3] O.V. 0.V. 


Sense DRV 

ac 
Line OV. ULV. 
DLY Gnd DLY 


Pin 4 
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FIGURE 13 — OVERVOLTAGE AUDIO ALARM CIRCUIT 


0O+Vo 


Alarm On When 
Vo 213.6 V 


+ 
12V 
Power MC3525, A 
Supply 

= ULV. 
Sense 
UV OV. 
DLY DLY 


Gnd 


FIGURE 14 — PROGRAMMABLE FREQUENCY SWITCH 


Input Signal mY, OV Output Pulses When 
Sense DRV i 
LV. p-p 5.0 uF "input) < 25000 CpLy 
10k MC3525, A 1.0k 


UY. 
Sense 


UV. . O.V. 
| DLY Gnd DLY 


ON 
0.V. DRV | | | | 
Pin 1 OFF 
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CIRCUIT DESCRIPTION 


The MC3425/MC3525 is a power supply supervisory 
circuit containing all the necessary functions required to 
monitor over- and under-voltage fault conditions. The block 
diagram is shown below in Figure 15. The Over-Voltage 
(O.V.) and Under-Voltage (U.V.) Input Comparators are 
both referenced to an internal 2.5 V regulator. The U.V. 
Input Comparator has a feedback activated 12.5 wA cur- 
rent sink (IH) which is used for programming the input 
hysteresis voltage (VH). The source resistance feeding 
this input (Ry) determines the amount of hysteresis volt- 
age by Vy = IHRH = 12.5 x 10-6 Ry. 

Separate Delay pins (O.V. DLY, U.V. DLY) are provided 
for each channel to independently delay the Drive and 
Indicator outputs, thus providing greater input noise im- 
munity. The two Delay pins are essentially the outputs of 
the respective input comparators, and provide a constant 
current source, IDLY(source), Of typically 200 uA when the 
non-inverting input voltage is greater than the inverting 
input level. A capacitor connected from these Delay pins 
to ground, will establish a predictable delay time (tpLy) 
for the Drive and Indicator outputs. The Delay pins are in- 
ternally connected to the non-inverting inputs of the O.V. 
and U.V. Output Comparators, which are referenced to 
the internal 2.5 V regulator. Therefore, delay time (tpL y) 
is based on the constant current source, IDLY(source). 
charging the external delay capacitor (Cp, y) to 2.5 volts. 


Vref CDLY 2.5 CDLY 


IDLY(source) 200 pA 

Figure 5 provides Cp_y values for a wide range of time 
delays. The Delay pins are pulled low when the respective 
input comparator’s non-inverting input is less than the 
inverting input. The sink current, IDLY(sink), capability 
of the Delay pins is > 1.8 mA and is much greater than 
the typical 200 uA source current, thus enabling a rela- 
tively fast delay capacitor discharge time. 


The Over-Voltage Drive Output is a current-limited 
emitter-follower capable of sourcing 300 mA at aturn-on 
slew rate of 2.0 A/us, ideal for driving ‘Crowbar’ SCR’s. 
The Under-Voltage Indicator Output is an open-collector, 
NPN transistor, capable of sinking 30 mA to provide suf- 
ficient drive for LED's, small relays or shut-down circuitry. 
These current capabilities apply to both channels operat- 
ing simultaneously, providing device power dissipation 
limits are not exceeded. 


The MC3425/MC3525 has an internal 2.5 V bandgap 
reference regulator with an accuracy of +4.0% for the 
basic devices and +1.0% for the A-suffix device types at 
25°C. The reference has a typical temperature coefficient 
of 30 ppm/°C for A-suffix devices. 


FIGURE 15 — MC3425/MC3525 BLOCK DIAGRAM 


UV. OV. 
DLY DLY 


INPUT SECTION 


Note: All voltages and currents are nominal. 


Reference 
Regulator 


OUTPUT SECTION 
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CROWBAR SCR CONSIDERATIONS 


Referring to Figure 16, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Coy. This capacitance 
consists of the power supply output capacitors, the load’s 
decoupling capacitors, and in the case of Figure 16A, the 
supply’s input filter capacitors. This surge current is illus- 
trated in Figure 17, and can cause SCR failure or degra- 
dation by any one of three mechanisms: di/dt, absolute 
peak surge, or I2t. The interrelationship of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 


difficult and expensive. Therefore, the designer must - 


empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCR’s di/dt and surge capabilities simplifies this task. 


1. di/dt 

As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very small region and gradually spreading. 
Since the anode current flows through this turned-on 


gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 


_ {di/dt). This can result in immediate destruction of 


the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the 
occasion. : 

The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type, and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast <1.0 us rise time signal will maximize its 


. di/dt capability. A typical maximum number in phase 


control SCRs of less than 50 A(RMS) rating might be 
200 A/yus, assuming a gate current of five times IGT 
and< 1.0 us rise time. If having done this, a di/dt prob- 
lem is seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc- 
tance in series with the SCR, as shown in Figure 18. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


FIGURE 16 — TYPICAL CROWBAR CIRCUIT 
CONFIGURATIONS 


16A — SCR ACROSS INPUT OF REGULATOR 


16B — SCR ACROSS OUTPUT OF REGULATOR 


Regulator 


MC3525, A 


Series 
Regulator 


*Needed if supply not current limited 
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FIGURE 17 — CROWBAR SCR SURGE CURRENT 
WAVEFORM 


Surge Due to 
Output Capacitor 


Current Limited 
Supply Output 


Yd 


2. Surge Current 


If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device 
overheating will result. The surge capability of the SCR 
is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
— see Figure 18) to a safe level which is consistent 
with the system's requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 
This may result in the average current capability of the 
SCR exceeding the steady state current requirements 
imposed by the dc power supply. 


FIGURE 18 — CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 


Riead ltead 


Output 
Cap 


To 
MC3525, A 


R & L EMPIRICALLY DETERMINED 


i Sr sss Ss SESS SSS 


A WORD ABOUT FUSING 


Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring back to 
Figure 16A, it will be seen that a fuse is necessary if the 
power supply to be protected is not output current limited. 
This fuse is not meant to prevent SCR failure but rather 
to prevent a fire! 


In order to protect the SCR, the fuse would have to 
possess an /2t rating less than that of the SCR and yet 
have a high enough continuous current rating tosy rvive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 


The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 


16B. 


CROWBAR SCR SELECTION GUIDE 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


DEVICE _| IRMs | IFsm | PACKAGE 


MCR67 Series Metal Stud 
MCR68 Series TO-220 Plastic 
2N1842 Series Metal Stud | 


TO-220 Plastic 
TO-220 Plastic 
Metal Stud 
TO-3 Metal Can 
TO-220 Plastic 
Metal Stud 
Metal Stud 


2N6400 Series 
2N6504 Series 
2N681 Series 

2N2573 Series 
MCR69 Series 
MCR70O Series 
MCR71 Series 


For acomplete and detailed treatment of SCR and fuse selection 
refer to Motorola Application Note AN-789. 
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MC7800 


Series MOTOROLA 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


THREE-TERMINAL POSITIVE VOLTAGE REGULATORS 


These voltage regulators are monolithic integrated circuits de- 
signed as fixed-voltage regulators for a wide variety of applications 
including local, on-card regulation. These regulators employ internal 
current limiting, thermal shutdown, and safe-area compensation. 
With adequate heatsinking they can deliver output currents In excess 
of 1.0 ampere. Although designed primarily as a fixed voltage regu- 
lator, these devices can be used with external components to obtain 
adjustable voltages and currents. 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 
@ Output Current in Excess of 1.0 Ampere TO-204AA 

@ No External Components Required 

@ Internal Thermal Overload Protection 

@ Internal Short-Circuit Current Limiting 
Output Transistor Safe-Area Compensation 


Output Voltage Offered in 2% and 4% Tolerance 


1 2 
© © 
Input Output 


Ground 


(Bottom View) 


Pins 1 and 2 electrically tsolated from case. Case 
is third electrical connection. 


EQUIVALENT SCHEMATIC DIAGRAM 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A-02 
TO-220AB 


Pin 1. Input 
2. Ground (Heatsink 
2 surface connected 


a: UTBUA to Pin 2.) 


STANDARD APPLICATION 


MC78xX X 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 


XX = these two digits of the type number indi- 
cate voltage. 


* = Cin is required if regulator is located an 
appreciable distance from power supply 


ORDERING INFORMATION . filter. 


ee — 


=Co is not needed for stability; however, 
it does improve transient response. 


Output Voltage 
Tolerance 

MC78XXK 4% 
MC78XXAK 2% 


MC78XXCK 4% 0 to +125°C 
MC78XXACK 2% 


MC78XXCT 4% Plastic Power 
MC78XXACT 2% 


MC78Xx8T ~40 to +125°C 


Device 


Temperature Range Package 


XX indicates nominal voltage 


-55 to +150°C Metal Power 


TYPE NO /VOLTAGE 


MC7805 5.0 Volts | MC7815 15 Volts 
MC7806 6.0 Volts | MC7818 18 Volts 


MC7808 8.0 Volts | MC7824 24 Volts 
MC7812 12 Volts 
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MC7800 Series MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Input Voltage (5.0 V - 18 V) 
(24 V) 


Power Dissipation and Thermal Characteristics 
Plastic Package 
Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 


Tc = +25°C 
Derate above Tc = +75°C (See Figure 1) 
Thermal Resistance, Junction to Case 


Metal Package 

Ta = +25°C 

Derate above Ta = +25°C 

Thermal Resistance, Junction to Air 

Tc = +25°C 

Derate above Tc = +65°C (See Figure 2) 

Thermal Resistance, Junction to Case 
Storage Junction Temperature Range 


Operating Junction Temperature Range 


MC7800, A 
MC7800C, AC 
MC7800, B 


Internally Limited 
15.4 
65 


Internally Limited 
200 
5.0 


Internally Limited 
22.5 
45 


internally Limited 
182 
5.5 


-55 to +150 
0 to +150 
~40 to +150 


DEFINITIONS 


Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the aver- 
age chip temperature is not significantly affected. 


Load Regulation — The change in output voltage for a change in 
load Current at constant chip temperature. 


Maximum Power Dissipation — The maximum total device dissi- 
pation for which the regulator will operate within specifications. 


Quiescent Current — That part of the input current that is not 
delivered to the load. 

Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre- 
quency range. . 


Long Term Stability — Output voltage stability under accelerated 


“life test conditions with the maximum rated voltage listed in 


the devices’ electrical characteristics and maximum power 
dissipation. 
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| MC7805, B, C 
ELECTRICAL CHARACTERISTICS (V,, = 10 V, Ip = 500 MA, Ty = Tiow to Thig 


Characteristic 


Output Voltage (Ty = +25°C) 
Output Voltage 
(5.0 mMA< 19 < 1.0A, P9 < 15 W) 
7.0 Vde < Vin < 20 Vde 
8.0 Vde < Vin < 20 Vde 
Line Regulation (Ty. = +25°C, Note:2) 
7.0 Vde < Vin < 25 Vde 
8.0 Vdc < Vin < 12 Vde 
Load Regulation (Ty = +25°C, Note 2) 
| 5OMA<IQD<15A — 
250 mA < lg < 750 mA 
Quiescent Current (Ty = +25°C) 


h [Note 1] unless otherwise noted). 


Quiescent Current Change 
7.0 Vde S Vin < 25 Vde 
8.0 Vde < Vin < 25 Vde 

| 5OMA<IQ<1.0A 


Ripple Rejection 
8.0 Vde < Vin < 18 Vdc, f = 120 Hz 


Dropout Voltage (Ig = 1.0 A, Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz< f< 100 kHz 


Output Resistance f = 1.0 kHz 


Short-Circuit Current Limit (Ta = +25°C) 
Vin = 35 Vdc 


Peak Output Current (Ty = +25°C) 


Average Temperature Coefficient of 
Output Voltage 


MC7805A, AC 
ELECTRICAL CHARACTERISTICS (V;, = 10 V, Ig = 1.0A, Ty = Tow to Thigh [Note 1] unless otherwise noted) 


Characteristics Symbol MC7805A MC7805AC 
d | Min” | Typ | Max | 


Vdc 
: 5.0 5.2 


= 
~ ap 


Output Voltage (Ty = +25°C) 


Output Voltage 
(5.0 mMA<Ig9< 1.0A, P9 < 15 W) 
7.5 Vde < Vin < 20 Vde 


Line Regulation (Note 2) 
7.5 Vdc < Vin < 25 Vdc, Iq = 500 mA 
8.0 Vde < Vin < 12 Vde 
8.0 Vdc < Vin < 12 Vde, Ty = +25°C 

7.3 Vdc < Vin < 20 Vde, Ty = +25°C 


Load Regulation (Note 2) mV 
5.O0mA<I9 << 1.5A, Ty = +25°C 25 100 
5.O0mMA<IQ9<1.0A 25 100 
250 mA< Ig < 750mA, Ty = +25°C — — 

250 mA<!9g < 750 mA 8.0 50 

Quiescent Current — 6.0 mA 
Ty = +25°C 4.3 6.0 

Quiescent Current Change mA 
8.0 Vdc < Vin < 25 Vde, lg = 500 mA — 0.8 
7.5 Vdc < Vin < 20 Vde, Ty = +25°C — 0.8 
5OMA<IQg<1.0A — 0.5 

Ripple Rejection dB 
8.0 Vdc < Vin < 18 Vde, f = 120 Hz, 

Ty = +25°C as = 
8.0 Vdc < Vin < 18 Vdc, f = 120 Hz, 
Ig = 500 mA 68 — 

Dropout Voltage (ig = 1.0 A, Ty = +25°C) Mave 2.0 —_ Vdc 

Output Noise Voltage (Ta = +25°C) 10 — uV/VO 
10 Hz< f< 100 kHz 

Output Resistance (f = 1.0 kHz) -}+——- 17 — mo 

Short-Circuit Current Limit (Ta = +25°C) 0.2 — A 
Vin = 35 Vde 

Peak Output Current (Ty = +25°C) h  asaie = 2.2 — A 

Average Temperature Coefficient of Output Voltage -1.1 _ mvV/°C 

NOTES: 1. Tigw = ~55°C for MC78XX, A Thigh = +150°C for MC78XxX, A 

= 0° for MC78XXC, AC = +125°C for MC78XXC, AC, B 


= -~40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


MC7806, B, C 
ELECTRICAL CHARACTERISTICS (Vj, = 11 V. Iq = 500 mA, Ty = Tigw to Thigh [Note 1] unless otherwise noted). 


Characteristic Symbol MC7806 MC7806B MC7806C 
bee eae ee el a 


5.75 6.25 | 5.75 | 


ad 
N 
a 
< 
e 
re) 


2 
~ 


a 


Nw 
oe) 
Ww oO 
oO 


| w 
NS 
| E : 


27 100 
9.0 


Output Voltage 
9.0 Vde < Vin < 21 Vde 
Quiescent Current Change 
5OmMA<Ig9<1.0A 


Vo 
Vo 
(5.0 mMA< Ig <1.0A, Po < 15 W) 
Line Regulation (Ty = +25°C, Note 2) ReGline 
8.0 Vdc < Vin < 25 Vde 
9.0 Vde < Vin < 13 Vde 
8.0 Vde < Vin < 25 Vde ha 
Ripple Rejection 
9.0 Vde < Vin < 19 Vdc, f = 120 Hz 


o 


Output Voltage (Ty = +25°C) [ Vo 
8.0 Vde < Vin < 21 Vde 

Load Regulation (Ty = +25°C, Note 2) Regioad 
50mA<I9 <1.5A 
250 mMA< Ig < 750 mA 

Quiescent Current (Ty = +25°C) 
9.0 Vde < Vin < 25 Vde 

Dropout Voltage (Ig = 1.0A, Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 


A i: 
/ 
i 


10 Hz< f < 100 kHz 


Output Resistance f = 1.0 kHz 


Short-Circuit Current Limit (Ta = +25°C) pte | 


Vin = 35 Vde 


Peak Output Current (T= +25°C) 1.3 


xin 
Isc 
Average Temperature Coefficient of TCVo 


Output Voltage 


N O|— y 
o NIN 


MC7806A, AC 
ELECTRICAL CHARACTERISTICS (Vj, = 11 V, lq = 1.0A. Ty = Tlow to Thigh [Note 1] unless otherwise noted) — 


MC7806AC 


d 
d 


Output Voltage (Ty = +25°C) 


Output Voltage 
(5.0 mMA< ig < 1,0A, Po < 15 W) 
8.6 Vde < Vin < 21 Vde 


Line Regulation (Note 2) 
8.6 Vde < Vin < 25 Vdc, Ig = 500 mA 
9.0 Vde < Vin < 13 Vde 

9.0 Vde < Vin < 13 Vdc, Ty = +25°C 
8.3 Vde < Vin < 21 Vde, Ty = +25°C 


Load Regulation (Note 2) 
5.0mMA<!I9 <1.5A, Ty = +25°C 
5OmA<!I9<1.0A 
250 mA < Ig < 750mA, Ty = +25°C 
250 mMA< Ig < 750 mA 


Quiescent Current 
Ty =+25°C 


Quiescent Current Change 
9.0 Vdc < Vin < 25 Vde, Iq = 500 mA 
8.6 Vde < Vin < 21 Vde, Ty = +25°C 
5OmMA<IQ9<1.0A 


Ripple Rejection 
9.0 Vdc < Vin < 19 Vde, f = 120 Hz, 
Ty = +25°C 
9.0 Vde < Vin < 19 Vde, f = 120 Hz, 
Iq = 500 mA 


Dropout Voltage (Io = 1.0 A, Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz<f< 100 kHz 


Output Resistance (f = 1.0 kHz) 


sie Circuit Current Limit (Ta = +25°C) Le 


fo) 


< 
ro) 


< 


43 100 
43 


t oO|— = 
NS NIN @ | 


4 
< 


Vin = 35 Vde 


Peak Output Current (Ty = +25°C) 


Average Temperature Coefficient of Output Voltage 
NOTES: 1. Tow = = -55°C for MC78XX, A Thigh = = +150°C for MC78XX, A 
= 0° for MC78XXC, AC = +125°C for MC78XXC, AC, B 
= -40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


MC7808, B, C. 
ELECTRICAL CHARACTERISTICS (Vj, = 14 V, 19 = 500 MA, TY = Tow to Thigh [Note 1] unless otherwise noted). 
Ch tecreti Symbol MC7808 ’ MC7808B MC7808C 
aracteristic y Min Typ Max F 


Typ Max 
8.0 8.3 


Output Voltage (Ty = +25°C) Vo 8.0 8.3 
Output Voltage Vo 
(5.0 mMA<Ig< 1.0A, P9 < 15 W) : 
10.5 Vde < Vin < 23 Vde = — _— — 
11.5 Vde < Vin < 23 Vde 7.6 - 8.0 8.4 8.4 
Line Regulation (Ty = +25°C, Note 2) ReGline | 
10.5 Vdc < Vin < 25 Vde — 3.0 80 —_ 12 160 
11 Vde < Vip < 17 Vde — 2.0 40 — 5.0 80 
Load Regulation (T) = +25°C, Note 2) ReQioad 
5OMA<IQ9<1.5A _— 28 100 — 45 160 
250 mA< lo < 750 mA . — + 9.0 40 — 16 80 
Quiescent Current (Ty = +25°C) Ip — 3.2 6.0 — 43 8.0 
Quiescent Current Change Alp 
10.5 Vdc < Vin < 25 Vde —_ _ — — — — 
11.5 Vde < Vin < 25 Vde — 0.3 0.8 _ — 1.0 
5O0mA<IQ9<1.0A — 0.04 0.5 — — 0.5 
Ripple Rejection ; RR 62 70 _ — 62 — 
11.5 Vde < Vin S 21.5 Vde, f = 120 Hz 
Dropout Voltage (lg = 1.0 A, Ty = +25°C) Vin - Vo — 2.0 2.5 — 2.0 — 
Output Noise Voltage (Ta = +25°C) Vi — 10 40 _ 10 — 
10 Hz< f < 100 kHz 
Output Resistance f = 1.0 kHz ro — 18 _ — 18 — 
Short-Circuit Current Limit (Ta = +25°C) Isc — 0.2 1.2 — 0.2 — — 0.2 — A 
n= 35 Vde ; 
Peak Output Current (Tj = +25°C) Imax 1.3 2.5 3.3 — 22 = — 2.2 _ A 
Average Temperature Coefficient of TCVo _ +1.0 = — -0.8 -_ — -0.8 — mV/ 
Output Voltage °C 
MC7808A, AC 


ELECTRICAL CHARACTERISTICS (Vj, = 14 V, Ig = 1.0A, Ty = Tow to Thigh [Note 1] unless otherwise noted) 


MC7808A a pata aa nt | 
Unit 


Characteristics Symbol Min Typ Max Typ 


7.84 8.0 8.16 ee 8.16 Vde 


Vdc 
77 8.0 8.3 7.7 8.3 


Output Voltage (Ty = +25°C) 


Output Voltage 
(5.0 mA< he 1.0A,P9 < 15 W) 
10.6 Vde < Vin < 23 Vde 


Line Regulation (Note 2) mV 
10.6 Vde < Vin X 25 Vdc, Iq = 500 mA — 4.0 13 — 12 80 
11 Vde S Vin < 17 Vde — 6.0 20 — 15 80 
11 Vde < Vin S 17 Vdc, Ty = +25°C _ 2.0 6.0 — 5.0 40 
10.4 Vdc < Vin S 23 Vde, Ty = +25°C — 4.0 13 — 12 80 
Load Regulation (Note 2) mV 
5.0mA<1I9g9 < 1.5A, Ty = +25°C _ = 45 100 
5.OmMA<IQg<1.0A a aoe 45 100 
250 mA< Ig < 750mA, Ty = +25°C — — = — 
250 mA< Ig < 750 mA == os 16 50 
Quiescent Current — — _ 6.0 mA 
Ty =+25°C — — 4.3 6.0 
Quiescent Current G@Agnae mA 
11 Vde S Vin < 25 Vde, Iq = 500 mA — — — 0.8 
10.6 Vdc < Vin < 23 Vde, Ty = +25°C — — — 0.8 
5.0mA<1IQ9<1.0A — — — 0.5 
Ripple Rejection dB 
11.5 Vde < Vin S 21.5 Vde, f = 120 Hz, 
Ty = +25°C 62 — — — 
11.5 Vde < Vin S 21.5 Vde, f = 120 Hz, 
Iq = 500 mA 62 — 62 — 
Dropout Voltage (lg = 1.0 A, Ty = +25°C) ae = 2.0 ae Vde 
Output Noise Voltage (Ta = +25°C) —_ — 10 —_— uV/Vo 
10 Hz< f< 100 kHz : 
Output Resistance (f = 1.0 kHz) — — 18 — mi) 
Short-Circuit Current Limit (Ta = +25°C) — — 0.2 — A 
Vin = 35 Vde 
Peak Output Current (Ty = +25°C) 1.3 — 2.2 ~~ A 
Average Temperature Coefficient of Output Voltage TCVo — — -0.8 —_ — mvV/°C 
NOTES: 1. Tipyw = -55°C for MC78XX, A Thigh = +1 50°C for MC78XX, A 
= 0° for MC78XXC, AC = +125°C for MC78XXC, AC, B 


= -40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


MC7812, B, C 


ELECTRICAL CHARACTERISTICS (Vj, = 19 V, Iq = 500 MA, Ty = Tow to Thigh [Note 1] unless otherwise noted). 


ae MC7812 MC7812B MC7812C , 
Characteristic Symbol Max Min Tv Max Min Unit 
Output Voltage (Ty = +25°C) Vo 12.5 11.5 12 12.5 11.5 Vde 
Output Voltage Vo Vdc 
(5.0 MA<Ig<1.0A, PQ < 15 W) 
14.5 Vde < Vin S 27 Vde _ —_ — — 11.4 
15.5 Vde < Vin < 27 Vde 126 | 11.4 12 12.6 = 
Line Regulation (Ty = +25°C, Note 2) Redline mV 
14.5 Vde < Vin S 30 Vde 120 — 13 240 — 
16 Vde < Vin < 22 Vde 60 — 6.0 120 —_ 
Load Regulation (Tj = +25°C, Note 2) ReGioad mV 
5.O0mA<1I9<1.5A 120 — 46 240 — 
250 MAS Ig < 750 MA 60 17 120 — 
Quiescent Current (Ty = +25°C) Ip 6.0 — 4.4 8.0 — mA 
Quiescent Current Change ‘Alp mA 
14.5 Vde < Vin < 30 Vde — = _ _ — — 1.0 
15 Vde < Vin < 30 Vde 0.8 — — 1.0 — — — 
5OMA<IQ<1.0A 0.5 —_— — 0.5 — — 0.5 
Ripple Rejection RR — — 60 —_ — 60 — dB 
15 Vde < Vin < 25 Vde, f= 120 Hz 
Dropout Voltage (lg = 1.0 A, Ty = +25°C) Vin- Vo 2.5 — 2.0 — _ 2.0 — Vde 
Output Noise Voltage (Ta = +25°C) Vn 40 _ 10 = — 10 — pV/ 
10 Hz< f< 100 kHz Vo 
Output Resistance f = 1.0 kHz rO -_ — 18 a2 — 18 — mo 
Short-Circuit Current Limit (Ta = +25°C) Isc 1.2 — 0.2 — — 0.2 — A 
Vin = 35 Vde 
Peak Output Current (T) = +25°C) Imax 3.3 — 2.2 — — 2.2 — A 
Average Temperature Coefficient of TCVO — — -1.0 — _— -1.0 — mV/ 
Output Voltage °c 


MC7812A, AC 


Output Voltage (Ty = +25°C) 
Output Voltage 

(50 mA<Ig9<10A, P9 < 15 W) 
14.8 Vde < Vin < 27 Vde 


Line Regulation (Note 2) 
14.8 Vdc < Vin < 30 Vde, Ig = 500 mA 
16 Vde < Vin < 22 Vde 
16 Vdc < Vin < 22 Vde, Ty = +25°C 
14.5 Vde < Vin < 27 Vdc, Ty = +25°C 


ReGline 


Load Regulation (Note 2) 
5.OmA<IQ9 <1.5A, Ty = +25°C 
5.0mA<IQ<1.0A 
250 mA< 19g < 750mA, Ty = +25°C 
250 mMA< Ig < 750 mA 


Regioad 


Quiescent Current 
Ty = +25°C 


Quiescent Current Change 
15 Vdc < Vin < 30 Vde, Iq = 500 mA 
14.8 Vde < Vin < 27 Vde, Ty = +25°C 
5O0mA<IQ9<1.0A 


Ripple Rejection 
15 Vde < Vin < 25 Vde, f = 120 Hz, 
Ty =+25°C 
15 Vde < Vin < 25 Vdc, f = 120 Hz, 
Ig = 500 mA 


Dropout Voltage (Ig = 1.0 A, Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz< f < 100 kHz 


Output Resistance (f = 1.0 kHz) 


‘Short-Circuit Current Limit (Ta = +25°C) 
Vin = 35 Vde 


Peak Output Current (Tj = +25°C) 


Imax 


Average Temperature Coefficient of Output Voltage 


TCVo 


NOTES: 1. Tigw = -55°C for MC78XX, A 
= 0° for MC78XXC, AC 
= -40°C for MC78XXB 


Thigh = +150°C for MC78XxX, A 
= +125°C for MC78XXC, AC, B 


2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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MOTOROLA LINEAR/INTERFACE DEVICES 


MC7800 Series 


MC7815, B,C 
ELECTRICAL CHARACTERISTICS (V,,, = 23 V, Iq = 500 mA, Ty = Tow to Thigh [Note 1] unless otherwise noted). 
Characteristic Symbol Me7e15 a MC7S158 - Me T8156 Unit 
Output Voltage (Ty = +25°C) Vo 
Output Voltage ; Vo 


(50mA<IQg<1.0A, Po < 15 W) 
17.5 Vde < Vin < 30 Vde 
18.5 Vde < Vin < 30 Vde 
Line Regulation (Tj = +25°C, Note 2) ReGjine 
17.5 Vde < Vin < 30 Vde 
20 Vde < Vin < 26 Vde 
Load Regulation (Tj = +25°C, Note 2) Regioad 
5OMA<IQO<1.5A 
250 mMA< 1g < 750 mA 


Quiescent Current (Ty = +25°C) Ip 


Quiescent Current Change Alg 
17.5 Vde < Vin < 30 Vde 
18.5 Vde < Vin < 30 Vdc: 
5.OmMA<IQ<1.0A 


Ripple Rejection RR 
18.5 Vdc < Vin < 28.5 Vde, f= 120 Hz . 

Dropout Voltage (lq = 1.0 A, Ty = +25°C) Vin- Vo 

Output Noise Voltage (Ta = +25°C) Vn 
10 Hz< f < 100 kHz 

Output Resistance f = 1.0 kHz ro 

Short-Circuit Current Limit (Ta = +25°C) Isc 
Vin = 35 Vde 

Peak Output Current (Ty = +25°C) Imax 

Average Temperature Coefficient of TCVo 
Output Voltage 

MC7815A, AC 


ELECTRICAL CHARACTERISTICS (V,, = 23 V, Iq = 1.0A, Ty = Tigw to Thigh [Note 1] unless otherwise noted) 


| typ | Max | 
Output Voltage (Ty = +25°C) Pee eal 


Output Voltage 
(5.0 mA< Ig <1.0A, Po < 15 W) 
17.9 Vde < Vin < 30 Vde 


Line Regulation (Note 2) 


17.9 Vdc < Vin < 30 Vdc, Ig = 500 mA 13 150 

20 Vde < Vin < 26 Vde 16 150 

20 Vde < Vin < 26 Vde, Ty = +25°C 6.0 75 

17.5 Vde < Vin < 30 Vde, Ty = +25°C 13 150 
Load Regulation (Note 2) 

5.OmA< IQ <1.5A, Ty = +25°C 52 100 

5.OmMA<IQg<1.0A 52 100 

250 mMA< 19g < 750mA, Ty = +25°C — 

250 mA< IQ < 750 mA 20 50 
Quiescent Current — 6.0 

Ty = +25°C 44 6.0 
Quiescent Current Change 

17.5 Vde < Vin < 30 Vde, Iq = 500 mA _ 0.8 

17.5 Vdc < Vin < 30 Vde, Ty = +25°C _ 0.8 

5.OmMA<IQO<1.0A — 0.5 
Ripple Rejection 

18.5 Vdc < Vin < 28.5 Vdc, f = 120 Hz, 

Ty = +25°C aa = 

18.5 Vde < Vin < 28.5 Vdc, f = 120 Hz, 

Ig = 500 mA 58 a 
Dropout Voltage (Ig = 1.0 A, Ty = +25°C) 2.0 — 
Output Noise Voltage (Ta = +25°C) 10 — 

10 Hz< f < 100 kHz 
Output Resistance (f = 1.0 kHz) 2 19 ae 
Short-Circuit Current Limit (Ta = +25°C) 0.2 — 

Vin = 35 Vde 
Peak Output Current (Ty = +25°C) 2.2 _— 
Average Temperature Coefficient of Output Voltage ae -1.0 — 
NOTES: 1. Tigw = -55°C for MC78XX, A Thigh = +150°C for MC78XX, A 

= 0° for MC78XXC, AC = +125°C for MC78XXC, AC, B 


= ~40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


‘separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


MC7818, B, C 


ELECTRICAL CHARACTERISTICS (Vj, = 27 V, Ig = 500 MA, Ty = Tiow to Thigh [Note 1] unless otherwise noted). 


Characteristic 


Ss 
?) 
~) 
00 
=_ 
© 
El 


cs 
+ 
St 
< 


Output Voltage (Ty = +25°C) 
Output Voltage 

(5.0 mMA<I9<1.0A, P9 < 15 W) 

21 Vde < Vin & 33 Vde 
22 Vde < Vin S 33 Vde 
Line Regulation (Ty = +25°C, Note 2) 
21 Vde < Vin < 33 Vde 
24 Vde < Vin < 30 Vde 
Load Regulation (Tj = +25°C, Note 2) 

5OMA<|IQO<1.5A 
250 mMA< Ig < 750 mA 


Quiescent Current (Ty = +25°C) 


180 


—> WwW 
on 
oko) 


NO - f/ 
a fee | 


3 


w = W — — 

D |OR || @ oo 

oO ome) wo ~ 
3 3 


Reload 
35 180 
12 90 


‘Quiescent Current Change 
21 Vde < Vin < 33 Vde 
22 Vde < Vin < 33 Vde 
5OmMA<IQg<1.0A 


L 
o 


a < 
(eo) 5. 


Ripple Rejection 
22 Vdc < Vin S 32 Vde, f = 120 Hz 


Cm 
> 


on Pinan 
“J m}N ao 


eed 
Dropout Voltage (Iq = 1.0 A, Ty = +25°C) Vin- Vo 2.0 = ll BOs Vde 
Output Noise Voltage (Ta = +25°C) pV/ 
10 Hz<f< 100 kHz Vo 
Output Resistance f = 1.0 kHz | 19° | mo 


Short-Circuit Current Limit (Ta = +25°C) 
Vin = 35 Vde 


Peak Output Current (Ty = +25°C) 


Average Temperature Coefficient of 
Output Voltage 


MC7818A, AC 
ELECTRICAL CHARACTERISTICS (V,,, = 27 V, Io = 1.0A, Ty = Tow to Thigh [Note 1] unless otherwise noted) 


Characteristics 


Output Voltage (Ty = +25°C) 


Output Voltage 
(5.0 MA<IQg<1.0A, Pg < 15 W) 
21 Vde < Vin < 33 Vde 


Line Regulation (Note 2) 
21 Vde < Vin < 33 Vdc, Ig = 500 mA 
24 Vde < Vin < 30 Vde 

24 Vde < Vjq < 30 Vde, Ty = +25°C 
20.6 Vde < Vin < 33 Vde, Ty = +25°C 
Load Regulation (Note 2) 
5.0mA<I9< 1.5A, Ty = +25°C 
5.OmMA<IQ9<1.0A 

250 MA< Ig < 750mA, Ty = +25°C 
250 mMA<!9 < 750 mA 


© 

NO 

E 

Oo 

N 

3 
° 

> > 


MC7818AC 
[Min [Typ | Max 


a 336 
7.0 
12 
4.0 
7.0 


Vdc 
Vde 
mV 


Quiescent Current 
Ty = +25°C 
Quiescent Current Change 
21 Vde < Vin < 33 Vde, Io = 500 mA 
21 Vdc < Vin < 33 Vde, Ty = +25°C 
5.O0mA<IQ<1.0A 
Ripple Rejection 
22 Vde < Vin < 32 Vde, f = 120 Hz, 
Ty =+25°C 
22 Vde < Vin < 32 Vde, f = 120 Hz, 
Ig = 500 mA 
Dropout Voltage (Ig = 1.0 A, Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 
10'Hz< f < 100 kHz 


Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (Ta = +25°C) 
Vin = 35 Vde 


Peak Output Current (Ty = +25°C) 


NOTES: 1. Tigyw = -55°C for MC78XX, A Thigh = +150°C for MC78XX, A 
= 0° for MC78XXC, AC = +125°C for MC78XXC, AC, B 
= -40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account . 


separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


MC7824, B,C 
ELECTRICAL CHARACTERISTICS (V;,, = 33 V, Ig = 500 MA, Ty = Tigw to Thigh [Note 1] unless otherwise noted). 


‘Characteristic Symbol MC7824 MC7824B MC7824C 
[Min | Typ | Max | 


Output Voltage (Tj = +25°C) 
Output Voltage 
(5.0 MA<I9<1.0A, P9< 15 W) 
27 Vde < Vin < 38 Vde 
28 Vdc < Vin < 38 Vde 
Line Regulation (Ty = +25°C, Note 2) 
27 Vde < Vin < 38 Vde 
30 Vde < Vin < 36 Vde 
Load Regulation (Ty = +25°C, Note 2) 
5.OmMA<IQO<1.5A 
250 mA< Ig < 750 mA 


Quiescent Current (Ty = +25°C) 
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Quiescent Current Change 
27 Vde < Vin < 38 Vde 
28 Vde < Vin < 38 Vde 
5OmMA<IQO<1.0A 


Ripple Rejection RR 4 
28 Vde < Vin < 38 Vac, f = 120 Hz 

Output Noise Voltage (Ta = +25°C) Vn 
10 Hz< f < 100 kHz 

Short-Circuit Current Limit (Ta = +25°C) Iso 0.2 1.2 0.2 0.2 

Average Temperature Coefficient of TCVo +3.0 mvV/ 
Output Voltage °¢ 


MC7824A, AC 
ELECTRICAL CHARACTERISTICS (V;,, = 33 V, Ig = 1.0 A, Ty = Tow to Thigh [Note 1] unless otherwise noted) 


| [typ [Max [Min [| Typ [| Max ‘| 
23 24 25 24 25 


Vo 
(5.0 mA< Ig <1.0A, Pos 15 W) 
27.3 Vde < Vin < 38 Vde 
Alp 
Vn 
rO 


30 Vde < Vin < 36 Vde 
30 Vde < Vin < 36 Vdc, Ty = +25°C 
26.7 Vdc < Vin <.38 Vde, Ty = +25°C 
Load Regulation (Note 2) 
5.0mMA<1!IQ9< 1.5A, Ty = +25°C 
5OmA<IQ<1.0A 

250 mMA< Ig < 750mA, Ty = +25°C 
250 mMA< Ig < 750 mA 


Quiescent Current 
Ty = +25°C 
Quiescent Current Change 

27.3 Vdc < Vin < 38 Vdc, Ip = 500 mA 
27.3 Vdc < Vin < 38 Vde, Ty = +25°C 
5OmA< Io <1.0A 


Ripple Rejection 
28 Vde < Vin < 38 Vdc, f = 120 Hz, 
Ty =+25°C 
28 Vdc < Vin < 38 Vdc, f = 120 Hz, 
Ig = 500 mA 
Dropout Voltage (Ip = 1.0 A, Ty = +25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz<f< 100 kHz 


Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (Ta = +25°C) a 


Line Regulation (Note 2) 


27 Vde < Vin < 38 Vdc, Ig = 500 mA 


Vin = 35 Vde 


Peak Output Current (Ty = +25°C) 
Average Temperature Coefficient of Output Voltage TCVo 


NOTES: 1. Tioyw = -55°C for MC78XX, A Thigh = +150°C for MC78XX, A 
= 0° for MC78XXC, AC = +125°C for MC78XXC, AC, B 
= -40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — WORST CASE POWER DISSIPATION FIGURE 2 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 221A) versus AMBIENT TEMPERATURE (Case 1) 
20 
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FIGURE 3 — INPUT OUTPUT DIFFERENTIAL ASA FIGURE 4 — INPUT OUTPUT DIFFERENTIAL ASA 
FUNCTION OF JUNCTION TEMPERATURE FUNCTION OF JUNCTION TEMPERATURE 
(MC78XXC, AC, B) (MC78XX, A) 
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FIGURE 5 — PEAK OUTPUT CURRENT AS A FUNCTION FIGURE 6 — PEAK OUTPUT CURRENT ASA 
OF INPUT-OUTPUT DIFFERENTIAL VOLTAGE FUNCTION OF INPUT-OUTPUT DIFFERENTIAL 
(MC78XXC, AC, B) VOLTAGE (MC78XxX, A) 


Ip, OUTPUT CURRENT (AMPS) 
Ig, QUTPUT CURRENT (AMPS) 


Vin-Vg. INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) Vin-Vo, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 
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MC7800 Series 


TYPICAL CHARACTERISTICS (continued) 
(Ta = 25°C unless otherwise noted.) 


FIGURE 7 — RIPPLE REJECTION ASA FUNCTION 
- OF OUTPUT VOLTAGES 
(MC78XXC, AC) 
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FIGURE 11 — QUIESCENT CURRENT ASA 


FUNCTION OF TEMPERATURE (MC78XXC, AC, B) 


Ig, QUIESCENT CURRENT (mA) 


Ty, JUNCTION TEMPERATURE (°C) 


100 125 150 175 


OUTPUT VOLTAGE (VOLTS) 


FIGURE 8 — RIPPLE REJECTION ASA FUNCTION 
OF FREQUENCY 
(MC78XXC, AC, A) 
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FIGURE 10 — OUTPUT IMPEDANCE ASA 
FUNCTION OF OUTPUT VOLTAGE (MC78XXC, AC) 


Vg, OUTPUT VOLTAGE (VOLTS) 


FIGURE 12 — DROPOUT CHARACTERISTICS 
(MC78XxX, A) 
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INPUT VOLTAGE (VOLTS) 


8.0 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-196 


MC7800 Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC7800 Series of fixed voltage regulators are designed 
with Thermal Overioad Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 


In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


FIGURE 13 — CURRENT REGULATOR 


Constant 
= Current to 
ia. Grounded Load 


The MC7800_ regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805C is chosen in this application. Resistor R determines 
the current as follows: 


lo = a + | 
| O R Q 
lo= 1.5 mA over line and load changes 
For example, a 1-ampere current source would require R to be a 


5-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 


FIGURE 15 — CURRENT BOOST REGULATOR 


MJ2955 or Equiv 


Input 


Output 


MC78XX 


acca di 


aeons MF 


XX = 2 digits of type number indicating voltage. 


The MC7800 series can be current boosted with a PNP transis- 

tor. The MJ2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the Veg of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased by 
Vee of the pass transistor. 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directlyacross the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistancedrops 
since the regulator has no external sense lead. 


FIGURE 14 — ADJUSTABLE OUTPUT REGULATOR 


us MC7805 = 


Output 


Vo, 7.0 V to 20 V 


Vin Vo 22.0 V 

The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation character- 
istics. The minirmnum voltage obtainable with this arrangement Is 
2.0 volts greater than the regulator voltage. 


FIGURE 16 — SHORT-CIRCUIT PROTECTION 


MJ2955 


Input 


2N6049 
or Equiv 


MC78XX 


XX = 2 digits of type number indicating vo!tage. 


Output 


The circuit of Figure 15 can be modified to provide supply protec- 
tion against short circuits by adding a short-circuit sense resistor, 
Rsc,and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a four-ampere plastic power tran- 
sistor 1s specified. 
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~ MC78L00C,AC 
Series 


THREE-TERMINAL LOW CURRENT 
POSITIVE VOLTAGE REGULATORS 


The MC78L00 Series of positive voltage regulators are inexpensive, 
easy-to-use devices suitable for a multitude of applications that re- 
quire a regulated supply of up to 100 mA. Like their higher powered 
MC7800 and MC78MOO Series cousins, these regulators feature 
internal current limiting and thermal shutdown making them re- 
markably rugged. No external components are required with the 


MOTOROLA 


THREE-TERMINAL 
LOW CURRENT 
POSITIVE FIXED 


VOLTAGE REGULATORS 


P SUFFIX 


PLASTIC PACKAGE 


MC78LO0 devices in many applications. 


CASE 29-02 


' These devices offer a substantial performance advantage over the Naa 
traditional zener diode-resistor combination. Output impedance is : 


. P : Pin 1. Output 
greatly reduced and quiescent current is substantially reduced. renee 


Wide Range of Available, Fixed Output Voltages 3. Input 

Low Cost 

Internal Short-Circuit Current Limiting 

Internal Thermal Overload Protection 

No External Components Required 

Complementary Negative Regulators Offered 
(MC79LO0O Series) 

Available in Either 5% (AC) or +10% (C) Selections 


G SUFFIX 
METAL PACKAGE 
CASE 79-02 
TO-205AD 
(TO-39) | 


(Case connected 
to Pin 3) 


Bottom 


2 
View 
l 3 


Pin 1. Input 
2. Output 


3. Ground 
REPRESENTATIVE CIRCUIT SCHEMATIC 


MC78LXXC Output 


x * 


Co 
Output 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 


*= (Cy, is required if regulator is located an 
appreciable distance from power supply 
filter. 


ee 


Co is not needed for stability; however, 
it does improve transient response. 


Junction 
Temperature 
Range 
Ty =0°C to 
+ 125°C 
Ty =0°C to 
+ 125°C 
Ty =0°C to 
+ 125°C 
Ty =0°C to 
+ 125°C 


XX indicates nominal! voltage 


Device No.| Device No. Nominal 

‘10% +5% Voltage 
MC78LO5C | MC78L05AC 5.0 
MC78LO08C | MC78LO08AC 8.0 
MC78L12C | MC78L12AC 12 
MC78L15C | MC78L15AC 15 
MC78L18C | MC78L18AC 18 
MC78L24C | MC78L24AC 24 
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MC78LO0C,AC Series 


MC78LO00 Series MAXIMUM RATINGS (T, = +125°C unless otherwise noted.) 


[Rating ____———=«(~—Symbor_[ Value [Unit 


Input Voltage (2.6 V — 8.0 V) 30 Vdc 
35 
40 


v\ 
(12V—18V) 
(24 V) 
Operating Junction Temperature Range 


MC78L05C, MC78LO5AC ELECTRICAL CHARACTERISTICS (Vv, = 10 V, Ig = 40 mA, Cy = 0.33 uF, Co = 0.1 nF, 
0°C < Ty < +125°C unless otherwise noted.) 


| . MC78LO05C MC78LO5AC eee 
Characteristic Symbol Typ | Max _ | Typ | Max _| 


Output Voltage (Ty = +25°C) 


Line Regulation Redline - 


(Ty = +25°C, 19 = 40 mA) 
7.0 Vde < Vj < 20 Vde 
8.0 Vde <Vj < 20 Vde 
Load Regulation 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) 
(Ty = +25°C, 1.0mA < IQ < 40 mA) 
Output Voltage 
(7.0 Vdc < Vj < 20 Vdc, 1.0mA < Ig < 40 mA) 
(V;=10V,1.0mA < 19 < 70 mA) 


Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 


3.8 6.0 
ms 5.5 


mV/1.0 k Hrs 


mA 
mA 


Input Bias Current Change 
(8.0 Vdc < Vj < 20 Vdc) 
(1.0mA < lo < 40 mA) 


Output Noise Voltage (Ta = +25°C, 10Hz<f < Vn 
100 kHz) 


Long-Term Stability 
Ripple Rejection (Ig = 40 mA, f = 120 Hz, 
8.0V <V) <18V, Ty = +25°C) 


Input-Output Voltage Differential 
(Ty = +25°C) 


MC78LO8C, MC78LO8AC ELECTRICAL CHARACTERISTICS (Vv, = 14 V, Ig = 40 mA, Cy = 0.33 uF,CO = 0.1 HF, 
0°C < T; < +125°C unless otherwise noted.) 


oe Oe es ee ee 
| Characteristic [min [typ | max | min | typ | 


Output Voltage (Ty = +25°C) 
Line Regulation 
(Ty = +25°C, Io = 40 mA) 
10.5 Vde < V\ < 23 Vde 
11 Vde < Vy < 23 Vde 


Load Regulation 

(Ty = +25°C, 1.0m 
(Ty = +25°C, 1.0m 
Output Voltage 

(10.5 Vde < Vy < 23 Vdc, 1.0mA < 1g <40mA) 
(V) = 14V,1.0 mA <IQ<70mA) 
Input Bias Current 

(Ty = +25°C) 
(Ty = +125°C) 
input Bias Current Change 
(11 Vde < Vy < 23 Vdc) 
(1.0 mA < lg < 40 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < uv 
100 kHz) | 
Long-Term Stability 
Ripple Rejection (Ig = 40 mA, f = 120 Hz, pe ei ee 
12V < Vj, <23V,Ty= +25°C) 


Input-Output Voltage Differential 
(Ty = +25°C) 


< 19 < 100 mA) 
< 19 < 40 mA) 


> > 
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MC78L00C,AC Series 


MC78L12C, MC78L12AC ELECTRICAL CHARACTERISTICS (Vj = 19 V, Ig = 40 mA, C = 0.33 uF, Co = 0.1 uF, °C < Ty < 


+125°C unless otherwise noted.) 


Characteristic 


Vde 
Line Regulation mV 
(Ty = +25°C, lq = 40 mA) 
14.5 Vde < Vy < 27 Vdc 
16 Vde < Vj < 27 Vde 
Load Regulation mV 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) 
(Ty = +25°C, 1.0mMA < IQ < 40 mA) 

Vdc 
mA 
mA 
UV 


(Vj = 19. V,1.0 MA <19 < 70mA) 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
(16 Vde < V; < 27 Vdc) 1. 
(1.0 mA < lg < 40 mA) : 0. 


Output Noise Voltage (Ta = +25°C, 10 Hz <f< 
100 kHz) 


Long-Term Stability d mV/1.0 k Hrs 


Ripple Rejection (lq = 40mA,f=120Hz,15V< 
V) <25V,Ty = +25°C) 

Input-Output Voltage Differential 
(T) = +25°C) 


Output Voltage 
(14.5 Vde < Vj < 27 Vdc, 1.0mMA <1Qg < 40 mA) : : 12. 


5 
1 


MC78L15C, MC78L15AC ELECTRICAL CHARACTERISTICS (v, = 23 v, IQ = 40 mA, C = 0.33 uF, Co = 0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 


MC78L15C 


Typ 


Line Regulation 
(Ty = +25°C, 19 = 40 mA) 
17.5 Vde < Vj < 30 Vde 
20 Vde < Vj < 30 Vde 


Load Regulation Regjoad 
(Ty =+25°C, 1.0m 
(Ty = +25°C, 1.0m 
Output Voltage 
(17.5 Vde < Vy < 30 Vdc, 1.0 MA <IQ <40mA) 
(Vi) = 23 V,1.0mMA<IQ< 70 mA) 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 


(20 Vde < Vj < 30 Vdc) 
(1:0mMA <19 < 40 mA) 


E 
> 


zr 
EE 


100 kHz) 


gies mVOK His 
Ripple Rejection (lg = 40 mA, f = 120 Hz, 18.5 VK< 

Vi < 28.5 V, Ty = +25°C) 
Input-Output Voltage Differentia 

(Ty = +25°C) ; 


Vo 
Output Noise Voltage (Tq = +25°C, 10Hz <f < 
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MC78L00C,AC Series 


MC78L18C, MC78L18AC ELECTRICAL CHARACTERISTICS (Vv, = 27 V, Ig = 40 mA, Cj = 0.33 HF, Co = 0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 


Characteristic Syma {tn Typ 


Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, Iq = 40 mA) 
21.4 Vde < Vj < 33 Vde 
20.7 Vde < Vj < 33 Vde 

22 Vde < ¥ < 33 Vde 

21 Vde < Vj < 33 Vde 


Load eee 
(Ty =+25°C, 1.0m 
(Ty =+25°C, 1.0m 
Output Voltage 
(21.4 Vde < Vj < 33 Vdc, 1.0mA < 1g <40mA) 
(20.7 Vdc < Vy < 33 Vdc, 1.0mA < IQ < 40mA) 
iv 527.4 0mA 0 < 70 mA) 
Os 


Regioad mV 
30 170 30 170 
15 85 15 85 
< | 
(V}=27V,1.0mA <I 70 mA) : : 
Input Bias Current mA 
(Ty = +125°C) | 6.0 = 


Input Bias Current Change 
(22 Vde < Vy < 33 Vdc) 
(21 Vde < V : = 33 Vdc) 
(1.0 mA < lo < 40 mA) 


Output Noise Wate (Ta = +25°C, 10Hz<f< n 150 
100 kHz) 


Long-Term Stability 
Ripple Rejection (lq = 40 mA, f = 120 Hz, 
23 V < V) <33V, Ty= +25°C) 


Input- Output, Voltage Differential 
(Ty = +25°C) 


< 
O 
_ — 
2 ® 
NO NO 
—s —_ 
~ = 
(oe) © 
_ —_ 
~ ~“ 
ay ay 
—s se 
joe) © 
o ico} 
< 
jos 
fo) 


MC78L24C, MC78L24AC ELECTRICAL CHARACTERISTICS (v, = 33 V, Ig = 40 mA, Cy = 0.33 uF, Cg = 0.1 HF, 
0°C < ee < +125°C unless otherwise noted.) 


| Mc78L24c MC78L24AC a 
Unit 


Characteristic 


Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, Iq = 40 mA) 
27.5 Vde < Vy < 38 Vde 
28 Vdc < Vj < 38 Vdc 

27 Vde < V; < 38 Vde 


Load Regulation 
(Ty =+25°C, 1.0m 
(Ty = +25°C, 1.0m 


Output Voltage 


> > 
NI 
omey 
A IN 


(28 Vde < Vj < 38 Vdc, 1.0 mA < Ig < 40 mA) 
(27 Vde < V; < 38 Vdc, 1.0mA < Ig < 40 mA) 
(28 Vde < V} <33V,1.0mMA<IQ< 
(27 Vde < Vj <33 V,1.0MA<I9< 


Input Bias Current 
(Ty = +25°C) 

(Ty = +125°C) 

Input Bias oe Change 
(28 Vde < V; < 38 Vdc) 
(10mA < ie < 40 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < 
f < 100 kHz) 


Long-Term Stability 


Ripple Rejection (Iq = 40 mA, f = 120 Hz, 29 V < 31 
V, <35V, Ty = +25°C) 


Input-Output Voltage Differential 
(Ty = +25°C) 


mV/1.0k Hrs. 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-201 


FIGURE 2— DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 


+25°C unless otherwise noted.) 


TYPICAL CHARACTERISTICS 


(Ta 


FIGURE 1 — DROPOUT CHARACTERISTICS 


MC78L00C,AC Series 


CANIN 
HPN StL 
TE PST 


TEU 
PLM EIT 


Vy, INPUT VOLTAGE (VOLTS) 
Infinite Heat Sink 


INPUT VOLTAGE 


Ty; JUNCTION TEMPERATURE (°C) 


— MAXIMUM AVERAGE POWER DISSIPATION versus 


FIGURE 4 — INPUT BIAS CURRENT versus 
BIENT TEMPERATURE — TO-39 Type Package 
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MC78LO00C,AC Series 


APPLICATIONS INFORMATION 


Design Considerations 


The MC78LOOC Series of fixed voltage regulators are designed selected to provide good high-frequency characteristics to insure 
with Thermal Overload Protection that shuts down the circuit stable operation under all load conditions. A 0.33 uF or larger 
when subjected to an excessive power overload condition, Internal tantalum, mylar, or other capacitor having low internal impedance 


Short-Circuit Protection that limits the maximum current the cir- at high frequencies should be chosen. The bypass capacitor should 
cuit will pass. be mounted with the shortest possible leads directly across the 

In many low current applications, compensation capacitors are regulators input terminals. Normally good construction techniques 
not required. However, it is recommended that the regulator should be used to minimize ground loops and lead resistance 


input be bypassed with a capacitor if the regulator Is connected drops since the regulator has no external sense lead. Bypassing ‘ the 
to the power supply filter with long wire lengths, or if the output : 
output is also recommended. 


load capacitance is large. An input bypass capacitor should be 


FIGURE 7 — CURRENT REGULATOR 


MC78LO5C 


FIGURE 8 — +15 V TRACKING VOLTAGE REGULATOR 


MC78L15 


Constant 
Current to 
Grounded Load 


The MC78LOOC regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC78LO5C is chosen in this application. Resistor R determines 
the current as follows: 


MPS-U55 


11g = 3.8 mA over line and load changes 


For example, a 100 mA current source would require R to be a 
50-ohm, 1/2-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 


FIGURE 9 — POSITIVE AND NEGATIVE REGULATOR 


MC78LXX 
MC79LXX 


esr A 
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MC78M00 


Series - | (AA) al alae oes 


THREE-TERMINAL MEDIUM 
CURRENT POSITIVE FIXED 
VOLTAGE REGULATORS 


MC78M00 SERIES THREE-TERMINAL MEDIUM 
CURRENT POSITIVE VOLTAGE REGULATORS 


The MC78M00 Series positive voltage regulators are identical 
to the popular MC7800 Series devices, except that they are spec- 
ified for only half the output current. Like the MC7800 devices, the 
MC78MO00 three-terminal regulators are intended for local, on- 
card voltage regulation. 

Internal current limiting, thermal shutdown circuitry and safe- 
area compensation for the internal pass transistor combine to 
make these devices remarkably rugged under most operating con- 
ditions. Maximum output current, with adequate heatsinking is 
500 mA. 


@ No External Components Required 
Internal Thermal Overload Protection 
Internal Short-Circuit Current Limiting 
Output Transistor Safe-Area Compensation 


Packaged in the Plastic Case 221A and Case 79 
(TO-220 and Hermetic TO-39) 


Pin 1, Input 
2. Output 
3. Ground 


Pin 1. nut 
2. Ground 


(Bottom View) 3. ae \ 
G SUFFIX T Sure 5 
METAL PACKAGE PLASTIC PACKAGE 
CASE 79-02 CASE 221A-02 


TO-39 TO-220AB 
(Case connected (Heatsink surface 


to Pin 3) connected to Pin 2) 


STANDARD APPLICATION 


MC78MXXC 


Output 


REPRESENTATIVE 
SCHEMATIC DIAGRAM 


ise 
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se 


Co 


A common ground ts required between the 
input and the output voltages. The input voit- 
age must remain typically 2.0 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 


*=Cin is required if regulator is located an 
appreciable distance from power supply 
filter. 


“ee — 


Co improves stability and transient re- 
sponse. 


ORDERING INFORMATION 
Temperature 
ae Package 
MC78MXXCG =0°C to Metal Can 
ae 125°C 
MC78MXXCT =0°C to Plastic Power 
: 125°C 
MC78MXXBT | Ty=-—40°C to | Plastic Power 
+ 125°C 


TYPE NO./VOLTAGE 


MC7805MB,C 5.0 Volts MC7815MB,C 15 Volts 
MC7806MB,C .6.0 Volts MC7818MB,C 18 Volts 


MC7808MB,C. 8.0 Volts MC7820MB,C 20 Volts 
MC7812MB,C 12 Volts MC7824MB,C 24 Volts 
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MC78M00 Series MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


Input Voltage (5.0 V- 18 V) 
(20 V- 24 V) 


Power Dissipation (Package Limitation) 
Plastic Package 


Ta = 25°C Internally Limited 
Derate above Ta = 25°C 70 
Tc = 25°C Internally Limited 


Derate above Tc = 110°C 
Metal Package 


5.0 


Internally Limited 


Ta = 25°C 
Derate above Ta = 25°C 185 
Tc = 26°C Internally Limited 


Derate above Tc = 85°C 25 


Operating Junction Temperature Range MC78MXXC 0to +125 
“_MC78MXXB —-40 to +125 ~ 


-—65 to +150 


MC78M05 ELECTRICAL CHARACTERISTICS (Vv; = 10 V, Io = 200 mA, *Tiow < Ty < +125°C, Pp < 5.0 W unless otherwise 
noted.) 


Characteristic 


Output Voltage (Ty = +25°C) 


°C/W 
°C 


Storage Temperature Range °C 


Typ 


Vdc 


Line Regulation 
(Ty = +25°C) 
(7.0 Vdc < V| < 25 Vdc) 
(8.0 Vde < V; < 25 Vdc) 


Load Regulation 
+ 25°C, 5.0 mA < Iq < 500 mA) 
+ 25°C, 5.0 mA < Ig < 200 mA) 


Output Voltage 

(8.0 Vde < V; < 25 Vdc, 5.0 mA < Ig < 200 mA) 
+ 25°C) 
Quiescent Current Change 


(8.0 Vde < Vj < 25 Vdc) 
(5.0 mA < Ig < 200 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) le Midee - | 


Long-Term Stability AVo/At 


Ripple Rejection (ig = 100 mA, f = 120 Hz, 8.0 V < Vj < 18 V) 
(Io = 300 mA, f = 120 Hz, 8.0 < Vj = 18 V, Ty = 25°C) 


Input-Output Voltage Differential Vi-Vo 
(Ty = +25°C) 


ft 
@ 
& 
= 
® 

< 


22 

ee 

Ec 
> 


V 


E 


or 
q 
| 


4.75 Vdc 


3 
> 


Input Bias Current (Ty = 


Vo 
Vn 


h 


mV/1.0 k Hrs. 


oo 
oo 


cE 
Qa 
Q 


Short-Circuit Current Limit (Ty = +25°C, Vj = 35 V) | igs | — | | mA 
Average Temperature Coefficient of Output Voltage AVo/AT ~—1.0 

(Io = 5.0 mA) 
Peak Output Current 700 

(Ty = 25°C) 


*Tlow = —40°C for MC78MXXB 
= 0°C for MC78MXXC 


ee 
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MC78M00 Series 


25 Vdc) 
25 Vdc) 


IK IN 


LIA IN 


MC78M06 ELECTRICAL CHARACTERISTICS (Vv; = 11 V, Io = 200 mA, *Tigw < Ty < +125°C, Pp < 5.0 W unless 
otherwise noted.) 
Min [typ | Max [Unit 
Output Voltage (Ty = +25°C)_ | vo | 57 | 60 | 62 | vac | 
Line Regulation. ’ Regline mV 
(8.0 Vde < V; 5.0 ~ 100 . 
(9.0 Vde = V, 1.5 
_ Load Regulation mV 
(Ty = +25°C, 5.0 mA 20 
10 
Output Voltage Vo 5,7 Vdc 
(9.0 Vde < V} < 25 Vdc, 5.0 mA < Ig < 200 mA) 
Quiescent Current Change | 
(9.0 Vde < Vj < 25 Vdc) 0.8 
Output Noise Voltage (Ta = +25°C,10Hz<f<100kHz) | Vn | — | 45 | 
Long-Term Stability AVoat | — | — | 
(Iq = 300 mA, f = 120 Hz, 9.0 V < Vj < 19 V, Ty = 25°C) i= || 
Input-Output Voltage Differential Vi-Vo 
(Ta = +25°C) 
Short-Circuit Current Limit (Ty = +25°C, Vj = 35 V) ee ae 


mV/1.0 k Hrs 


Characteristic | Symbol _| 
fe WO 2 
(Ty = +25°C) 
50 
Regioad 
120 
(Ty = +25°C, 5.0 mA 60 
6.3 
(5.0 mA < Io < 200 mA) 
Ripple Rejection (ig = 100 mA, f = 120 Hz, 9.0 V < Vj < 19 V) 80 
80 
p mA 
Average Temperature Coefficient of Output Voltage AVQ/AT °C 
(IQ = 5.0 mA) 
Peak Output Current 700 
(Ty = 25°C) © 


MC78M08 ELECTRICAL CHARACTERISTICS (V; = 14 V, Io = 200 mA, *Tiow < Ty < +125°C, Pp < 5.0 W unless 


otherwise noted.) 


mA 
pV 
Vde 
mA 
mV. 
mA 


0.5 
ae 
aa 


Load Regulation 
(Ty = +25°C, 5.0 mA < Ilo 
(Ty = +25°C, 5.0 mA < Io 


500 mA) 
200 mA) 


— 
<= 


Line Regulation Regline 
Output Voltage 
(11.5 Vde < Vj < 25 Vdc, 5.0 mA < Ig < 200 mA) 


(Ty = +25°C) 
Reload 
Input Bias Current (Ty = +25°C) 


| Min | Typ | 
| 77 | 80 
rary 
10 
Kill ail 
ES 
Quiescent Current Change 
(11.5 Vde < Vj < 25 Vdc) 
(5.0 mA < Iq < 200 mA) [=] = 
(Ma ae 7 
a ee 
rare 
80 
il al 
| = | 20 | 
oll alk 


Symbol 
ei 


rr 
ae 


Long-Term Stability AVo/At 


| 32. | mV/1.0 k Hrs 


Ripple Rejection . 
(Ig = 100 mA, f = 120 Hz, 11.5 V < Vj S 21.5 V) 
(lo = 300 mA, f = 120 Hz, 11.5 V < Vj < 21.5 V, Ty = 25°C) 


Input-Output Voltage Differential -VO 
(Ty = +25°C) 


Short-Circuit Current Limit (Ty = +25°C, Vj = 35 V) | log 


Average Temperature Coefficient of Output Voltage AVo/AT 
(Io = 5.0 mA) 
Peak Output Current 
(Ty = 25°C) 
*Tlow = —40°C for MC78MXXB 
= 0°C for MC78MXXC 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) fe Wee 


Vdc 
mV 
mV 
Vde 
mA 
mA 
pV 

Vdc 


(11 Vde < Vj < 25 Vdc) 
Vo 
Vn 
Vi 


80 

08 

0.5 
Leal 
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MC78M12 ELECTRICAL CHARACTERISTICS (Vj = 19 V, lo = 200 mA, *Tiow < Ty < +125°C, Pp < 5.0 W unless 
otherwise noted.) 


Characteristic a a ee 


Load Regulation 
Output Noise Voltage (TA = +25°C, 10 Hz < f < 100 kHz) ee ee ee ee ea 
Short-Circuit Current Limit (Ty = +25°C, V) = 35 V) | los | — | 


Average Temperature Coefficient of Output Voltage ; AVo/AT —1.0 mvV/°C 
(Iq = 5.0 mA) 

Peak Output Current 700 mA 
(Ty = 25°C) 


MC78M15 ELECTRICAL CHARACTERISTICS (V, = 23 V, Io = 200 mA, *Tiow < Ty < +125°C, Pp < 5.0 W unless 
otherwise noted.) 


Characteristic [symbot_| Min [Typ [Max [Unik 


Line Regulation conte 
(Ty = +25°C) 

(14.5 Vde < V; < 30 Vdc) 8.0 100 

(16 Vde < Vj < 22 Vdc) 2.0 50 

Reload 7 mV 

(Ty = +25°C, 5.0 mA < Io < 500 mA) 25 240 

(Ty = +25°C, 5.0 mA < Ig < 200 mA) 10 120 
Output Voltage Vo 11.4 12.6 Vdc 

(15.5 V”de =< V) < 2 Vdc, 5.0 mA < Ig = 200 mA) 
Input Bias Current (Ty = +25°C) | oe | — | 48 | 60 | ma _ | 
Quiescent Current Change mA 

(15.5 Vde < V| < 30 Vdc) 0.8 

(5.0 mA < Io < 200 mA) 0.5 
Long-Term Stability AVo/At 2a mV/1 r k Hrs. 
Ripple Rejection (Iq = 100 mA, f = 120 Hz, 15V < V| 

(Igo = 300 mA, f = 120 Hz, 15 V < Vj < 25 V, Ty = 25°C) a 
Input-Output Voltage Differential Vi-Vo 2.0 Vde 

(Ty = +25°C) 


< 25 V) 


Output Voltage (Ty = +25°C) —Yo_| a | 15 | 186 | vd 
Input Regulation ReGline 
(Ty = +25°C) 
(17.5 Vde < V| < 30 Vdc) 10 100 
(20 Vde < Vj < 30 Vdc) 3.0 _ 60 
Load Regulation Regload mV 
(Ty = +25°C, 5.0 mA < Ig = 500 mA) a 300 
(Ty = +25°C, 5.0 mA < Ig < 200 mA) 150 
Output Voltage 14.25 15.75 
(18.5 Vde < Vj < 30 Vdc, 5.0 mA < Ig < 200 mA) 
Input Bias Current (Ty = +25°C) 
Quiescent Current Change 
(18.5 Vde < Vj < 30 Vdc) 0.8 
(5.0 mA < Io < 200 mA) 0.5 
Output Noise Voltage (Ta = +25°C, 10Hz<f<100kH2) | Vn | — | 90 | — | wv | 
Long-Term Stability Avot | — | — | 60 | mW/1.0kHrs. 


Ripple Rejection 
(lo = 100 mA, f = 120 Hz, 18.5 V < Vj < 28.5 V) 
(lo = 300 mA, f = 120 Hz, 18.5 V < Vj < 28.5 V, Ty = 25°C) 


Input-Output Voltage Differential Vi-Vo 2.0 Vdc 
(Ty = +25°C) 


Short-Circuit Current Limit (Ty = +25°C, Vj = 35 V) ae ee ee ae ae 


eee ee ee 
Average Temperature Coefficient of Output Voltage AVo/AT -1.0 mV/°C 
(Iq = 5.0 mA) 
Peak Output Current 700 mA 
(Ty = 25°C) 
*Tlow = —40°C for MC78MXXB 
= 0°C for MC78MXXC 


1< 
1< 
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MC78M18 ELECTRICAL CHARACTERISTICS (V; = 27 V, Io = 200 mA, *Tiow < Ty < +125°C, Pp < 5.0 W unless 


: otherwise noted.) . 
|) Characteristic | Symbol | Min | Typ | Max | Unit | 
| 17.3. | 18 | 187 Vdc 


Output Voltage (Ty = +25°C) | Vo | 173 | 


Line Regulation 


(Ty = +25°C) . 
(21 Vde < Vj = 33 Vdc) 
(24 Vde < V| < 33 Vdc) 


. Load Regulation 
= | 500 mA) 
= +25°C, 5.0 mA < Ig < 200 mA) 


Output Voltage Vo 17.1 Vde 
_ (22 Vde < V; S 33 Vde, 5.0 mA = Io < 200 mA) 


Input Bias Current (Ty = +25°C) . 


INIA 


< 
fo) 
3 
> 


< 


Quiescent Current Change 
(22 Vde < V; < 33 Vdc) 
(5.0 mA < Ig < 200 mA) 


Output Noise Voltage (TA = +25°C, 10 Hz < f < 100 kHz) 

Long-Term Stability | 

Ripple Rejection (lo = 100 mA, f = 120 Hz, 22 V < Vj < 32 V) 
(lo = 300 mA, f = 120 Hz, 22 V < Vj < 32 V, Ty = 25°C) 


Input-Output Voltage Differential 
(Ty = +25°C) 


< 
3 


oo 
@1 00 
3 
> 


AVo/At mvV/1.0 k Hrs. 


Short-Circuit Current Limit (Ty = +25°C, Vj = 35 V) | 240 | 
Average Temperature Coefficient of Output Voltage AVo/AT mV/°C 
(Io = 5.0 mA) 


MC78M20 ELECTRICAL CHARACTERISTICS (V, = 29 V, Ico = 200 mA, *Tiow < Ty < +125°C, Pp < 5.0 W unless ~ 

Output Voltage (Ty = +25°C) | Yo | 192 | 2 | 208 | 
(23 Vde < V| = 35 Vdc) 

Load Regulation 

Output Voltage | Vo Vdc 
(24 Vde < V| = 35 Vdc, 5.0 mA < Ig < 200 mA) 

Quiescent Current Change 

Output Noise Voltage (Ta = +25°C, 10 Hz = f < 100 kHz) I Mae ee Oe 
(Io = 300 mA, f = 120 Hz, 24V < Vj < 34V, Ty = 25°C) 

Average Temperature Coefficient of Output Voltage AVO/AT —1.1 mvV/°C 
(Ig = 5.0 mA) 


Peak Output Current - Jf 700 mA 
(Ty = 25°C) 
otherwise noted.) 
| Characteristic | Symbol | Min | Typ | Max | Unit 
Line Regulation Regine mV 
(Ty = +25°C) 
(24 Vde < V| = 35 Vdc) | 
Regioad mV 
(Ty = +25°C, 5.0 mA < Ig < 500 mA) 30 400 
(Ty = +25°C, 5.0 mA < Ig < 200 mA) 10 200 
Input Bias Current (Ty = +25°C) . 
mA 
(24 Vde < V; < 35 Vdc) 0.8 
(5.0 mA < Ig < 200 mA) 0.5 
a= a ae 
Long-Term Stability Avot | = — | — | 80 | mviokdrs. 
Ripple Rejection (lq = 100 mA, f = 120 Hz, 24V < Vj < 34 V) 70 
70 
Input-Output Voltage Differential Vi-Vo Vdc 
(Ty = +25°C) 
Short-Circuit Current Limit (Ty = +250, Vi = 35V) oe nae en 
Peak Output Current 700 mA 
(Ty = 25°C) : 
*Tlow = —40°C for MC78MXXB 


= 0°C for MC78MXXC 
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MC78M24 ELECTRICAL CHARACTERISTICS (V; = 33 V, Io = 200 mA, *Tiow < Ty < + 125°C, Pp < 5.0 W unless 
otherwise noted.) 


[ SSSCCharacteristic =| Symbol 
Output Voltage (Ty = +25°C) | Vo | 


NO 
a 
rk 

2. 

fo) 


Typ 


Line Regulation ReGline mV 
(Ty = +25°C) : 
(27 Vde < Vj < 38 Vdc) 100 | 
(28 Vdc < V\ < 38 Vdc) ' 50 


Load Regulation 
(Ty = +25°C, 5.0 mA < Ig < 500 mA) 0 
<l9o <2 


240 
25.2 Vde 


Vo 
Regload 
(Ty = +25°C, 5.0 mA < I¢ < 200 mA) 
Output Voltage Vo 
(28 Vde < Vj < 38 Vdc, 5.0 mA < Io < 200 mA) 
Vin 


E 
< 


Input Bias Current (Ty = +25°C) 


Quiescent Current Change 
(28 Vde < V| < 38 Vdc) 
(5.0 MA < Ig < 200 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) | Vn 


Long-Term Stability AVoO/At 


Ripple Rejection (IQ = 100 mA, f = 120 Hz, 28 V < V| < 38 V) 
(Ig = 300 mA, f = 120 Hz, 28 V < Vj < 38 V, Ty = 25°C) 


oOo |N 
oT 0 fo) 
3 
> 


EE: 
> 


170 


< 


mV/1.0 k Hrs. 


Input-Output Voltage Differential: 
(Io = 5.0 mA) 


Vj Vde 


< 
.@) 
ssf: 
oo 


Short-Circuit Current Limit (Ty = +25°C) los a Pe 
Average Temperature Coefficient of Output Voltage AVo/AT mV/°C 
(lo = 5.0 mA, oc<Tjy< + 125°C) 
Peak Output Current 700 mA 
(Ty = 25°C) 
*Tiow = —40°C for MC78MXXB 
= 0°C for MC78MXXC 
DEFINITIONS 
Line Regulation — The change in output voltage for a change in Input Bias Current — That part of the input current that is not 
the input voltage. The measurement is made under conditions of delivered to the load. 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre- 
Load Regulation — The change in output voltage for a change in quency range. 


load current at constant chip temperature. 

Long Term Stability — Output voltage stability under accelerated 
Maximum Power Dissipation — The maximum total device dissi- life test conditions with the maximum rated voltage listed in the 
pation for which the regulator will operate within specifications. devices’ electrical characteristics and maximum power dissipation. 


a 
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TYPICAL PERFORMANCE CURVES 


FIGURE 1 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 
TO-220 (CASE 221A) 


FIGURE 2 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 
TO-39 (CASE 79) 
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APPLICATIONS INFORMATION 


Design Considerations 

The MC78MO00 Series of fixed voltage regulators are designed with 
Thermal Overload Protection that shuts down the circuit when subjected 
to an excessive power overload condition, Internal Short-Circuit Pro- 
tection that limits the maximum current the circuit will pass, and Output 
Transistor Safe-Area Compensation that reduces the output short-cir- 
cuit current as the voltage across the pass transistor is increased. 


In many low current applications, compensation capacitors are not 
required. However, it is recommended that the reulator input be by- 
passed with a capacitor if the regulator is connected to the power supply 


FIGURE 5 — CURRENT REGULATOR 


MC78MO5C 


Constant 
Current to 
Grounded toad 


>_> 
Te) 


The MC78MO00 regulators can also be used as a current source when 
connected as above. In order to minimize dissipation the MC78M05C 
is chosen in this application. Resistor R determines the current as 
follows: 


5.0 V 
lo =72- + le 


iB = 1.5 mA over line and load changes 


For example, a 500 mA current source would require R to be a 10-ohm, 
10-W resistor and the output voltage compliance would be the input 
voltage less 7.0 volts. 


FIGURE 7 — CURRENT BOOST REGULATOR 


MJ2955 or Equiv 


Input 


Output 


MC78MXXC 


VOuE aE = qt 


XX = 2 digits of type number indicating voltage. 


The MC78M00 series can be current boosted with a PNP transistor. The 
MJ2955 provides current to 5.0 amperes. Resistor R in conjunction with 
the VBE of the PNP determines when the pass transistor begins con- 
ducting; this circuit is not short-circuit proof. Input-output differential 
voltage minimum is increased by Vge of the pass transistor. 


filter with long wire lengths, or if the output load capacitance is large. 
An input bypass capacitor should be selected to provide good high- 
frequency characteristics to insure stable operation under all load con- 
ditions. A 0.33 wF or larger tantalum, mylar, or other capacitor having 
low internal impedance at high frequencies should be chosen. The by- | 
pass capacitor should be mounted with the shortest possible leads 
directly across the regulators input terminals. Normally good construc- 
tion techniques should be used to minimize ground loops and lead 
resistance drops since the regulator has no external sense lead. 


FIGURE 6 — ADJUSTABLE OUTPUT REGULATOR 


- MC78MOSC = 


Output 


Vo, 7.0 V to 20 V 
ViIN- Vo 22.0 V 


The addition of an operational amplifier allows adjustment to higher 
or intermediate values while retaining regulation characteristics. The 
minimum voltage obtainable with this arrangement is 2.0 volts greater 
than the regulator voltage. 


FIGURE 8 — CURRENT BOOST WITH 
SHORT-CIRCUIT PROTECTION 


MJ2955 


2N6049 
or Equiv 


Output 


XX = 2 digits of type number indicating voitage. 


The circuit of Figure 7 can be modified to provide supply protection 
against short circuits by adding a short-circuit sense resistor, Rgc, and 
an additional PNP transistor. The current sensing PNP must be able to 
handle the short-circuit current of the three-terminal regulator. There- 
fore, a two-ampere plastic power transistor is specified. 
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Series 


ations and Applications 
Information 


Specific 


THREE-AMPERE POSITIVE VOLTAGE REGULATORS 


This family of fixed voltage regulators are monolithic integrated 
circuits capable of driving loads in excess of 3.0 amperes. These 
three-terminal regulators employ internal current limiting, thermal 
shutdown, and safe-area compensation. Devices are available with 
improved specifications, including a 2% output voltage tolerance, on 
A-suffix 5.0, 12 and 15 volt device types. 

Although designed primarily as a fixed voltage regulator, these 
devices can be used with external components to obtain adjustable 
voltages and currents. This series of devices can be used with a 
series-pass transistor to supply up to 15 amperes at the nominal 
output voltage. 


Output Current in Excess of 3.0 Amperes 

Power Dissipation: 30 W (K-Suffix), 25 W (T-Suffix) 
No External Components Required 

Output Voltage Offered in 2% and 4% Tolerance* 
Thermal Regulation is Specified . 

Internal Thermal Overload Protection 

Internal Short-Circuit Current Limiting 


Output Transistor Safe-Area Compensation 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Input Voltage (5.0 V-12 V) . 
(15 V-24 V) 


Power Dissipation and Thermal 
Characteristics . 
Plastic Package (Note 2) 
Ta = +25°C Internally Limited 
Thermal Resistance, Junction to Air 65 
Tc =+25°C ; Internally Limited 
Thermal Resistance, Junction to Case 2.5 
Metal Package(Note 2) 
Ta = +25°C Internally Limited 
Thermal Resistance, Junction to Air 35 
Tc = +25°C Internally Limited 
Thermal Resistance, Junction to Case 2.5 


Operating Junction Temperature Range 
‘ MC78TOO, A 
MC78TOOC, AC 


-55 to +150 
Oto +125 


ORDERING INFORMATION 
Output Voltage Operating Junction 
Tolerance Temperature Range Package 
| MC78TXXK 4% -55 to +150°C _ Metal Power 
MC78TXXAK 2%* 


MC78TXXCK 0 to +125°C 
MC78TXXACK 


MC78TXXCT 
MC78TXXACT 


XX Indicates nominal voltage 


*2% regulators are available in 5, 12 and 15 volt devices 


Plastic Power 


(AA) MOTOROLA 


THREE-AMPERE 
POSITIVE FIXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 
TO-204AA 
(TO-3) 


Pin 1. INPUT 
2. OUTPUT 
CASE GROUND 


(Bottom View) 


--T SUFFIX 
PLASTIC PACKAGE 
(MC78TXXC and AC only) 


CASE 221A-02 
TO-220AB 


Pin 1. INPUT 
2. GROUND 


(Heatsink surface 
3. OUTPUT 


connected to 
Pin 2) 


A common ground is required between the 
input and the output voltages. The input voltage 
must remain typically 2.2 V above the output 
voltage even during the low point on the input 
ripple voltage. 


XX = these two digits of the type number indi- 
cate voltage. 

* = Cin is required if regulator is located an 
appreciable distance from power supply 
filter. (See Applications Information for 
details). 


** = Co is not needed for stability; however, it 
does improve transient response. 


TYPE NO./VOLTAGE | 


MC78T05 5.0 Volts | MC78T15 15 Volts 
MC78T06 6.0 Volts | MC78T18 18 Volts 
MC78T08 8.0 Volts | MC78T24 24 Volts 


MC78T12° 


12 Volts 
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MC78TOS5, A, AC, C 


ELECTRICAL CHARACTERISTICS (Vjn= 10 V, Io = 3.0A, TJ= Tlow to Thigh [Note 1], PO< Pmax [Note 2], unless otherwise noted). 


MC78TO5A, AC MC78TO5, C 
Characteristic Symbol 


| min | Ty | Min | Typ | Max | 
Output Voltage Vo 
(5.0 mMA< IQ <3.0A, Ty = +25°C) 4.8 5.0 5.2 
(50 MA<IQ<3.0A,; 4.75 5.0 5.25 
5.O0mMA<1I9 < 2.0A, 7.3 Vde < Vin < 
Regload 
(5.0 mMA< Ig < 3.0A, Ty = +25°C) 
(5.0 mMA< IQ < 3.0 A) 
Thermal Regulation Regtherm 
(Pulse = 10 ms, P = 20 W, Ta = +25°C) 
Quiescent Current 


(5.0 MA<19 <3.0A, Ty = +25°C) 
(5.0 MA<I9 <3.0A) 


Quiescent Current Change 
(7.2 Vde < Vin < 35 Vdc, Ig = 5.0 mA, Ty = +25°C; 
7.5 Vde < Vin < 20 Vdc, Ip = 2.0 A; 

5.0 mMA< 19 < 3.0 A) 


Ripple Rejection 
(8.0 Vde < Vin < 18 Vde, f = 120 Hz, Iq = 2.0 A) 


Dropout Voltage (Io = 3.0 A, Ty = +25°C) 


Output Noise Voltage Vn 
(10 Hz< f < 100 kHz, Ty = +25°C) 
Output Resistance (f = 1.0 kHz) | Ro | 


Short Circuit Current Limit Isc 
(Vin = 35 Vdc, Ty = +25°C) 


Peak Output Current (Ty = +25°C) 


Vde 


0.03 |%Vo/W 


ao 
OO 
an 
b= 


20 Vdc) 


oe) 


Line Regulation (Note 3) 
(7.2 Vde < Vin < 35 Vde, Iq = 5.0 mA, Ty = +25°C; 
7.2 Vde < Vin S 35 Vde, Ig = 1.0 A, Ty = +25°C; 
7.5 Vde < Vin < 20 Vdc, Ip = 2.0 A; 
8.0 Vde < Vin S 12 Vde, Io = 3.0 A) 


a 
o) 
os 


Load Regulation (Note 3) 


o1 NO 
oOo 


0.002 


—_— —_d [ee ) 
oa @) r 
CO Ww 


—_> = 
or © 


N 


Le 
ine) oa 


Nh 
ol 


Average Temperature Coefficient 
of Output Voltage (Io = 5.0 mA) 
MC78T05, MC78TO5A 

MC78TOSAC, C 


oo a} o=-/N; a 
NN fo) a}; Oo oO 
I N 
ol 


Note 1. Tigw = -55°C for MC78TXX, A Thigh = +150°C for MC78TXX, A 
= 0°C for MC78TXXC, AC = +125°C for MC78TXXC, AC 


Note 2. Although power dissipation is internally limited, specifications apply only for Po < Pmax 
Pmax = 30 W for K(TO-3) package Pmax = 25 W for T(TO-220) package. 


Note 3. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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MC78TO6, C 


ELECTRICAL CHARACTERISTICS (Vj,=11 V, Io =3.0A, Ty=Tiowto Thigh [Note 1], Po< Pmax[Note 2], unless otherwise noted). 
MC78TO6, C 


Characteristic Symbol Unit 


Vo 
5.75 6.0 
5.7 6.0 


Output Voltage Vdc 
(5.0 mMA<I9 < 3.0A, Ty = +25°C) 
(50 MA<I9<3.0A; 


50 mMA<|I9 <2.0A, 8.3 Vde < Vin < 21 Vdc) 


Line Regulation (Note 3) 
(8.25 Vde < Vin < 35 Vdc, Ig = 5.0 mA, Ty = +25°C; 
8.25 Vde < Vin < 35 Vde, Ig = 1.0 A, Ty = +25°C; 

8.6 Vde < Vin < 21 Vdc, Ig = 2.0 A; 

9.0 Vdc < Vin < 13 Vdc, IQ = 3.0 A) 


Load Regulation (Note 3) 
(5.0 MA<I9 < 3.0A, Ty = +25°C) 
(5.0 mMA< 19 < 3.0 A) 


Thermal Regulation 
(Pulse = 10 ms, P = 20 W, Ta = +25°C) 


w 
= 


Quiescent Current 
(50 mMA<1I9 < 3.0A, Ty = +25°C) 
(5.0 mMA<I9 < 3.0 A) 


es | glee 

oe) oo 
| 3 | 
> < < 


Quiescent Current Change 
(8.25 Vde < Vin < 35 Vde, Io = 5.0 mA, Ty = +25°C; 
8.6 Vde < Vin < 21 Vdc, Ig = 2.0 A; 

5.0 mA<!9 < 3.0 A) 


Ripple Rejection 
(9.0 Vdc < Vin < 19 Vde, f = 120 Hz, Io = 2.0 A) 


Dropout Voltage (Io = 3.0 A, Ty = +25°C) in-VO 


Output Noise Voltage 
(10 Hz< f < 100 kHz, Ty = +25°C) 


Output Resistance (f = 1.0 kHz) | Rg 
ISC 


pals 
> 


2 


Short Circuit Current Limit 
(Vin = 35 Vde, Ty = +25°C) 


Peak Output Current (Ty = +25°C) 


i) 
or 


Average Temperature Coefficient TCVO mV/°C 
of Output Voltage (Io = 5.0 mA) 
MC78T06 1.2 
MC78TO6C — 
Note 1. Tigy = -55°C for MC78TXX, A Thigh = +150°C for MC78TXX, A 
= O°C for MC78TXXC, AC = +125°C for MC78TXXC, AC 


Note 2. Although power dissipation is internally limited, specifications apply only for Po < Pmax 
Pmax = 30 W for K(TO-3) package Pmax = 25 W for T(TO-220) package. 


Note 3. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. , 
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MC78T00 Series 


MC78T08, C 


ELECTRICAL CHARACTERISTICS (Vn, = 14 V, Io =3.0A, Ty=Tigwto Thigh[Note 1], Po < Pmax [Note 2], unless otherwise noted). 


MC78TO8, C 
Characteristic Symbol 
Typ 
Vo 


Output Voltage 
(50 mA<I9Qg < 3.0A, Ty = +25°C) 

(5.0 mMA<I9< 3.0A; 

5.0 mA<1I9 < 2.04, 10.4 Vdc < Vin < 23 Vdc) 

ReGload 

(5.0 mMA<I9 < 3.0A, Ty = +25°C) 

(5.0 mMA<I9 < 3.0 A) 
Thermal Regulation Regtherm 
. (Pulse = 10 ms, P = 20 W, Ta = +25°C) 
Quiescent Current | | 


~N 
~ 


8.0 8.3 
8.0 8.4 


) 
oO 


h 
oO 


Line Regulation (Note 3) 
(10.3 Vde < Vin < 35 Vdc, Iq = 5.0 mA, Ty = +25°C; 

10.3 Vde < Vin < 35 Vde, Ig = 1.0 A, Ty = +25°C; 

10.7 Vde S Vin S 23 Vde, Ig = 2.0 A; 

11 Vde < Vin < 17 Vdc, Io = 3.0 A) 


Load Regulation (Note 3) 


< 


w 

a 
oak 

< 


0.002 


0.03 eV O/W 
mA 


(5.0 mMA<IQ <3.0A, Ty = +25°C) 
(5.0 mMA<Ig<3.0A) 


Quiescent Current Change 

(10.3 Vde < Vin < 35 Vdc, Iq = 5.0 mA, Ty = +25°C; 
10.7 Vde < Vin < 23 Vdc, Iq = 2.0A; 
5.0 mMA< 19 < 3.0 A) 


Ripple Rejection 
(11 Vde < Vin < 21 Vde, f = 120 Hz, Io = 2.0 A) 
Dropout Voltage (Io = 3.0 A, Ty = +25°C) 


61 
Output Noise Voltage 


N 
_ 


oOo ; =| =| N oO; Fw — : 
Ww wW oo) Oln -|oun ao 

3 

> 


~) 
< 
2 
ro) 


(10 Hz<f< 100 kHz, Ty = +25°C) 


Output Resistance (f = 1.0 kHz) [Roe = 


Short Circuit Current Limit 
(Vin = 35 Vdc, Ty = +25°C) 


Peak Output Current (Ty = +25°C) | Imax | 


N 


! t on © WwW 
oO o ome) oe) 


3 

@ 

x 
on 
oO 


Average Temperature Coefficient TCVO 
of Output Voltage (Io = 5.0 mA) 
MC78T08 
MC78TO8C 
Note 1. Tigpw = -55°C for MC78TXX, A Thigh = +150°C for MC78TXX, A 
= O°C for MC78TXXC, AC = +125°C for MC78TXXC, AC 


Note 2. Although power dissipation is internally limited, specifications apply only for Po < Pmax 
Pmax = 30 W for K(TO-3) package Pmax = 25 W for T(TO-220) package. 


Note 3. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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MC78T00 Series 


MC78T12, A, AC, C 


ELECTRICAL CHARACTERISTICS (Vin = 19 V, IQ = 3.0A, Ty= Tlow to Thigh [Note 1], PO< Pmax [Note 2], unless otherwise noted). 


Ze Syria MC78T12A, AC MC78T12, C 
aracteristic ymbo 
| 3 | Typ | Min | Typ | Max | 
Output Voltage Vo 
(50 mMA<I9 < 3.0A, Ty = +25°C) 11.75 12 12.25 | 11.5 12 12.5 
(5.0 MA<I9< 3.0A; 11.5 12 12.5 | 11.4 12 12.6 
5.0 mA<1I9 < 2.0A, 14.5 Vde < Vin < 27 Vdc) 
Line Regulation (Note 3) ; 18 4 a 
(50 mMA<I9 < 3.0A, Ty = +25°C) 
(5.0 mMA<I9 < 3.0 A) 


(14.5 Vde < Vin < 35 Ve, Io = 5.0 mA, Ty = +25°C; 

14.5 Vdc < Vin < 35 Vdc, IQ = 1.0 A, Ty = +25°C; 

14.9 Vde < Vin < 27 Vde, Ig = 2.0 A: 

16 Vdc < Vin < 22 Vde, Ig = 3.0 A) 

Thermal Regulation Regtherm 0.01 0.002 | 0.03 |%VQ/W 

(Pulse = 10 ms, P = 20 W, Ta = +25°C) . 

‘| Quiescent Current 
(5.0 mMA<IQ9 <3.0A, Ty= +25°C) 

(5.0 MA< IQ <3.0A) 


Load Regulation (Note 3) 


Quiescent Current Change . 
(14.5 Vde < Vin < 35 Vde, Io = 5.0 mA, Ty = +25°C; 
14.9 Vdc < Vin S 27 Vdc, Ig = 2.0 A; 

5.0 mA<19<3.0A) 


Ripple Rejection 67 57 67 
(15 Vde < Vin < 25 Ve, f = 120 Hz, Ig = 2.0 A) 


Dropout Voltage (I¢ = 3.0 A, Ty = +25°C) 


Output Noise Voltage 
(10 Hz< f < 100 kHz, Ty = +25°C) 


Output Resistance (f = 1.0 kHz) 


< 

> 
< 

O 


a 


Short Circuit Current Limit 
(Vin = 35 Vde, Ty = +25°C) 
Peak Output Current (Ty = +25°C) 
Average Temperature Coefficient 
of Output Voltage (Iq = 5.0 mA) 


MC78T12, MC78T12A 
MC78T12AC, MC7812C 


TCVo 


2 a < 
x QO 


Note 1. Tigy = -55°C for MC78TXX, A Thigh = +150°C for MC78TXX, A 
= O°C for MC78TXXC, AC = +125°C for MC78TXXC, AC 


Note 2. Although power dissipation is internally limited, specifications apply only for Po < Pmax 
Pmiax = 30 W for K(TO-3) package Pmax = 25 W for T(TO-220) package. 


Note 3. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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MC78T00 Series 


MC78T15, A, AC, C 


ELECTRICAL CHARACTERISTICS (Vj, = 23 V, IQ = 3.0A, T= Tow to Thigh [Note 1], Po < Pmax [Note 2], unless otherwise noted). 


MC78T15, C 
Characteristic 


S 
Daa |e 
no] 


Output Voltage 


(5.0 mMA< Ig <3.0A, Ty = +25°C) 
(5.0mA<I9<3.0A; 
5.0 mMA<I9 <2.0A, 17.5 Vdc < Vin < 30 Vdc) 


Line Regulation (Note 3) 
(17.6 Vde < Vin < 40 Vdc, Ig = 5.0 mA, Ty = +26°C; 
17.6 Vde < Vin < 40 Vde, Ig = 1.0 A, Ty = 25°C; 
18 Vde < Vin < 30 Vdc, Ip = 2.0 A; 
20 Vde < Vin < 26 Vdc, IQ = 3.0 A) 


Load Regulation (Note 3) 
(5.0 mMA< Ig < 3.0A, Ty = +25°C) 
(50 mMA<Ig< 3.0 A) 


Thermal Regulation 
(Pulse = 10 ms, P = 20 W, Ta = +25°C) 


Quiescent Current 
(5.0 mA<I9 < 3.0A, Ty = +25°C) 
(5.0 mMA<I9 < 3.0 A) 
Quiescent Current Change 
(17.6 Vdc < Vin < 40 Vac, Ig = 5.0 mA, Ty = +25°C; 
18 Vde < Vin < 30 Vdc, Ig = 2.0 A; 
5.0 mA< 19 <3.0 A) 
Ripple Rejection 
(18.5 Vdc < Vin < 28.5 Vdc, f = 120 Hz, Io = 2.0 A) 


Dropout Voltage (Io = 3.0 A, Ty = +25°C) 


Output Noise Voltage 
(10 Hz< f < 100 kHz, Ty = +25°C) 


Short Circuit Current Limit 
(Vin = 40 Vdc, Ty = +25°C) 


Peak Output Current (Ty = +25°C) 


Average Temperature Coefficient 
of Output Voltage (Io = 5.0 mA) 
MC78T15, MC78T15A 
MC78T15AC, MC7815C 


Note 1. Tigy = ~55°C for MC78TXX, A Thigh = +150°C for MC78TXX, A 
= O°C for MC78TXXC, AC = +125°C for MC78TXXC, AC 


Note 2. Although power dissipation is internally limited, specifications apply only for Po < Pmax 
Pmax = 30 W for K(TO-3) package Pmax = 25 W for T(TO-220) package. 


Note 3. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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) MC78T00 Series 


MC78T18, C 


ELECTRICAL CHARACTERISTICS (Vj, = 27 V, Io = 3.0A, Ty= Tiow to Thigh [Note 1], PO< Pmax[Note 2], unless otherwise noted). 
| ners Bie le MC78T18, C 4 
aracteristic ymbo nit 
| Tye | Max _| 
24 Vdc < Vin < 30 Vdc, Ig = 3.0 A) 
(5.0 MA< 19 <3.0A, Ty = +25°C) 


Output Voltage : Vo Vdc 
(5.0 mA<I9 < 3.0A, Ty = +25°C) . 17.3 18.7 
5.0 mMA<I9< 2.0A, 20.6 Vde < Vin < 33 Vdc) 

Load Regulation (Note 3) 
(5.00 mMA< Ig < 3.0 A) 


8 
< 


Line Regulation (Note 3) Regline 
(20.7 Vdc < Vin < 40 Vdc, Ig = 5.0 mA, Ty = +25°C; 
Regioad mV 
(5.0 mMA<I9 <3.0A, Ty = +25°C) 30 
(5.0 MA<I9 <3.0A) 80 
0.002 %VO/W 
. 


20.7 Vde < Vin < 40 Vde, Ip = 1.0 A, Ty = +25°C; 
Thermal Regulation Regtherm 
(Pulse = 10 ms, P = 20 W, Ta = +25°C) 


21.2 Vde < Vjn < 33 Vdc, Io = 2.0 A; 
Quiescent Current . IB 


ao 
(ome) 


fh W =i nak — 
oun oe)  @) Cc © 


Quiescent Current Change Alp 0.1 
(20.7 Vdc < Vin < 40 Vdc, Ig = 5.0 mA, Ty = +25°C; 
21.2 Vde < Vin < 33 Vdc, IQ = 2.0 A; 
5.0 mMA< 19 < 3.0 A) 

Ripple Rejection RR 64 


(22 Vde < Vin < 32 Vde, f = 120 Hz, Io = 2.0 A) 
Dropout Voltage (Io = 3.0 A, Ty = +25°C) 


Vin-VO 


Output Noise Voltage 
(10 Hz< f < 100 kHz, Ty = +25°C) 


Output Resistance (f = 1.0 kHz) 


2 


3 


n 
ro 


Lid 
fo) 


Short Circuit Current Limit 
(Vin = 40 Vdc, Ty = +25°C) 


on 
jo) 


Peak Output Current (Ty = +25°C) Imax 


ae 

RO 

ss ss 

(eo) a 
> bi 

oO 


Average Temperature Coefficient TCVo mV/°C 
of Output Voltage (Ig = 5.0 mA) 
MC78T18 0.7 3.6 
MC78T18C 0.7 = 
Note 1. Tiow = -55°C for MC78TXX, A Thigh = +150°C tor MC78TXX, A 
= 0°G for MC78TXXC, AC = +125°C for MC78TXXC, AC 


Note 2. Although power dissipation is internally limited, specifications apply only for Po < Pmax 
Pmax = 30 W for K(TO-3) package Pmax = 25 W for T(TO-220) package. 


Note 3. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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MC78T00 Series 


MC78T24,C 


ELECTRICAL CHARACTERISTICS (Vjn= 33 V, Io = 3.0A, Ty= Tow to Thigh [Note 1], Po < Pmax [Note 2], unless otherwise ra 


MC78T24, C 
Characteristic 


Output Voltage 
(5.0 mMA<IQ9< 3.0A, Ty = +25°C) 
(50 mMA<IQ<3.0A; 
5.0 mMA< 19 < 2.0A, 27.3 Vde < Vin < 39 Vdc) 


Line Regulation (Note 3) 
(27 Vde < Vin < 40 Vdc, Io = 5.0 mA, Ty = +25°C; 
27 Vde < Vin < 40 Vdc, Ig = 1.0 A, Ty = +25°C; 
27.5 Vde < Vin < 39 Vdc, Io = 2.0 A; 
30 Vde < Vin < 36 Vde, Io = 3.0 A) 


Load Regulation (Note 3) 
(5.0 mMA<I9 <3.0A, Ty = +25°C) 
(5.0 mMA<I9 < 3.0 A) 


Thermal Regulation 
(Pulse = 10 ms, P = 20 W, Ta = +25°C) 


Quiescent Current 
(5.0 mMA<I9 < 3.0A, Ty = +25°C) 


(5.0 mMA< Ig < 3.0 A) 


Quiescent Current Change 
(27 Vde < Vin < 40 Vdc, Io = 5.0 mA, Ty = +25°C; 
27.5 Vde < Vin < 39 Vde, Ip = 20 A; 
5.0 mMA<'l9 < 3.0 A) 
Ripple Rejection 
(28 Vdc < Vin < 38 Vade, f = 120 Hz, IQ = 2.0 A) 
Dropout Voltage (Ig = 3.0 A, Ty = +25°C) 
Output Noise Voltage 
(10 Hz<f < 100 kHz, Ty = +25°C) 


Output Resistance (f = 1.0 kHz) 


Short Circuit Current Limit 
(Vin = 40 Vdc, Ty = +25°C) 


Peak Output Current (Ty = +25°C) 


Average Temperature Coefficient 
of Output Voltage (Iq = 5.0 mA) 


MC78T24 
MC78T24C 
Note 1. Tigyw = -55°C for MC78TXX, A Thigh = +150°C for MC78TXX, A 
= O°C for MC78TXXC, AC = +125°C for MC78TXXC, AC 


Note 2. Although power dissipation is internally limited, specifications apply only for Po < Pmax 
Pmax = 30 W for K(TO-3) package Pmax = 25 W for T(TO-220) package. 


Note 3. Line and load regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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SCHEMATIC DIAGRAM 
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NORMALIZED OUTPUT VOLTAGE 


MC78sT00 Series 


VOLTAGE REGULATOR PERFORMANCE 


The performance of a voltage regulator is specified by its immu- 
nity to changes in load, input voltage, power dissipation, and 
temperature. Line and load regulation are tested with a pulse of 
short duration (< 100 us) and are strictly a function of electrical 
gain. However, pulse widths of longer duration (> 1.0 ms) are 
sufficient to affect temperature gradients across the die. These 
temperature gradients can cause a change in the output voltage, 
in addition to changes caused by line and load regulation. Longer 
pulse widths and thermal gradients make it desirable to specify 
thermal regulation. 

Thermal regulation is defined as the change in output. voltage 
caused by a change in dissipated power for a specified time, and 
is expressed as a percentage output voltage change per watt. The 


FIGURE 1 — LINE AND THERMAL REGULATION 


a cniiemed 


VOLTAGE DEVIATION (V) 


AVg, OUTPUT 
(2.0 mV/div.} 


Vin. INPUT 
VOLTAGE (V) 


t, TIME (2.0 ms/div.) 


MC78TO5A 

Vg = 5.0 V 

Vin = 8.0V 18 V-™8.0V @ = Redline = 2.4 mV 

lout = 2-0 A @ = Regtherm = 0.0015%Vg/W 


FIGURE 3 — TEMPERATURE STABILITY 


.98 
-90 -50 -10 30 70 110 150 190 
Ty, JUNCTION TEMPERATURE (°C) 


rg, OUTPUT IMPEDANCE (1) 


change in dissipated power can be caused by a change in either 
the input voltage or the load current. Thermal regulation is a func- 
tion of |.C. layout and die attach techniques, and usually occurs 
within 10 ms of a change in power dissipation. After 10 ms, addi- 
tional changes in the output voltage are due to the temperature 
coefficient of the device. 

Figure 1 shows the line and thermal regulation response of a 
typical MC78TO5A toa 20 watt input pulse. The variation of the out- 
put voltage due to line regulation is labeled and the thermal 
regulation component is labeled (2). Figure 2 shows the load and 
thermal regulation response of a typical MC78TOSA to a 20 watt 
load pulse. The oultput voltage variation due to load regulation is 
labeled (1) and the thermal regulation component is labeled (2). 


FIGURE 2 — LOAD AND THERMAL REGULATION 


= 
= — ew a ee ee ee ie 
© 
-— 
< 
= 
aS 
FOS 
roan ae 
o> 
Cae i 
har 
root 
> 
a 
4s @ ' 
2.0 * 
Ee 
+> < 
2 
Ee 
5>2 
jee) 
ae 
ss 0 al 
LPO 


t. TIME (2.0 ms/div.) 


MC78T05A 

Vg = 5.0 V 

Vin = 15 

lout = OA 20A~0A 


@ = Regioag = 4.4 mV 
@ = Regtherm = 0.0015%Vg/W 


FIGURE 4 — OUTPUT IMPEDANCE 
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MC78TO00 Series 


FIGURE 5 — RIPPLE REJECTION versus FREQUENCY 
100 


RR, RIPPLE REJECTION (dB) 
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FIGURE 7 — QUIESCENT CURRENT versus 
INPUT VOLTAGE 


Ip, QUIESCENT CURRENT (mA) 
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FIGURE 9 — DROPOUT VOLTAGE 
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FIGURE 6 — RIPPLE REJECTION versus. 
OUTPUT CURRENT 


RR, RIPPLE REJECTION (dB) 
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FIGURE 8 — QUIESCENT CURRENT versus 
OUTPUT CURRENT 
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FIGURE 10 — PEAK OUTPUT CURRENT 
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FIGURE 12 — LOAD TRANSIENT RESPONSE 


FIGURE 11 — LINE TRANSIENT RESPONSE 
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FIGURE 13 — MAXIMUM AVERAGE POWER 


FIGURE 14 — MAXIMUM AVERAGE POWER 
DISSIPATION FOR MC78TOOCK, ACK 


DISSIPATION FOR MC78TOOK, AK 
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FIGURE 15 — MAXIMUM AVERAGE POWER 
DISSIPATION FOR MC78TOOCT, ACT 
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MC78T00 Series 
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MC78T00 Series 


APPLICATIONS INFORMATION 


Design Considerations 


The MC78TOO,A Series of fixed voltage regulators are designed with 
Thermal Overload Protection that shuts down the circuit when subjected 
to an excessive power overload condition, Internal Short-Circuit 
Protection that limits the maximum current the circuit will pass, and 
Output Transistor Safe-Area Compensation that reduces the output short- 
circuit current as the voltage across the pass transistor is increased. 

in many low current applications, compensation capacitors are not 
required. However, it is recommended that the regulator input be bypassed 
with a capacitor if the regulator is connected to the power supply filter with 


FIGURE 16 — CURRENT REGULATOR 


MC78TOS, A 


¥ > 
lo 


Constant 
Current to 
Grounded Load 


The MC78TO05 regulator can also be used as a current source when con- 
nected as above. In order to minimize dissipation, the MC78T05 ischosen 
in this application. Resistor R determines the current as follows: 


ba an 
Oo le 


A |g = 0.7 mA over line, load and temperature changes 
Ip=3.5mA 


For example, a 2-ampere current source would require R to be a 2.5 ohm, 
15 W resistor and the output voltage compliance would be the input volt- 
age less 7.5 volts. 


FIGURE 18 — CURRENT BOOST REGULATOR 


2N4398 or Equiv 


Input 


Output 


MC78TXX, A 


XX = 2 digits of type number indicating voltage. 


The MC78TOO, Aseriescan be current boosted with a PNP transistor. The . 


2N4398 provides current to 15 amperes. Resistor R in conjunction with 
the Vee of the PNP determines when the pass transistor begins conduc- 
ting; this circuit is not short-circuit proof. Input-output differential voltage 
minimum is increased by the Vgg of the pass transistor. 


long wire lengths, or if the output load capacitance is large. An input by- 
pass capacitor should be selected to provide good high-frequency charac- 
teristics to insure stable operation under all load conditions. A0.33 uF or 
larger tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should be 
mounted with the shortest possible leads directly across the regulator's 
input terminals. Normally good construction techniques should be used 
to minimize ground loops and lead resistance drops since the regulator has 
no external sense lead. 


FIGURE 17 — ADJUSTABLE OUTPUT REGULATOR 
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The addition of an operational amplifier allows adjustment to higher or 
intermediate values while retaining regulation characteristics. The mini- 
mum voltage obtainable with this arrangement is 3.0 volts greater than. 
the regulator voltage. 
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Vo, 8.0 V to 20 V 
Vin-Vo22.5V 


FIGURE 19 — CURRENT BOOST WITH 
SHORT-CIRCUIT PROTECTION 


2N4398 
or Equiv 


Input Rec 


MJ2955 
or Equiv 


Output 


XX = 2 digits of type number indicating voltage. 


The circuit of Figure 18 canbe modified to provide supply protection against 
short circuits by adding a short-circuit sense resistor, Rgc, and an addi- 
tional PNP transistor. The current sensing PNP must be able to handle the 
short-circuit current of the three-terminal regulator. Therefore, an eight- 
ampere power transistor is specified. 
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(AA) MOTOROLA MC7900C 
| Series 


MC7900C SERIES THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 


THREE-TERMINAL 
NEGATIVE FIXED 
VOLTAGE REGULATORS 


The MC7900C Series of fixed output negative voltage regulators 
are intended as complements to the popular MC7800C Series devices. 
These negative regulators are available in the same seven-voltage 
options as the MC7800C devices. In addition, two extra voltage 
options commonly employed in MECEL systems are also available 
in the negative MC7900C Series. 

Available in fixed output voltage options from -2.0 to -24 volts, 
these regulators employ current limiting, thermal shutdown, and 
safe-area compensation — making them remarkably rugged under 


QO © 


Gnd Output 


most operating conditions. With adequate heat-sinking they can K SUFFIX 
deliver output currents in excess of 1.0 ampere. METAL PACKAGE 
@ No External Components Required — oe 


Internal Thermal Overload Protection (Bottom View) 


Internal Short-Circuit Current Limiting 
Output Transistor Safe-Area Compensation 


Packaged in the Plastic Case 221A and Case 1 
(TO-220 and Hermetic TO-3) 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 
TO-220 


Pin 71. Ground 
2. Input 


SCHEMATIC DIAGRAM 3. Output 


(Heatsink surface 
connected to Pin 2) 


MC79XXC 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V more negative 
even during the high point on the input ripple 
voitage. 

XX = these two digits of the type number inci- 
cate voltage. ; 
* = Cin is required if regulator is located an 
appreciable distance from power supply 
filter. 


** =Co improves stability and transient re- 
sponse. 


ORDERING INFORMATION 
DEVICE TEMPERATURE RANGE PACKAGE 


DEVICE TYPE/NOMINAL OUTPUT VOLTAGE gees A 1OEC 
MC7902C - 2.0 Volts MC7906C - 6.0 Volts MC7915C - 15 Volts 2 
MC7905C - 5.0 Volts MC7908C - 8.0 Voits MC7918C - 18 Volts XX sndicetes: nominal voltage 
MC7905.2C — 5.2 Volts MC7912C - 12 Volts MC7924C - 24 Volts 
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MC7900C Series 


MC7900C Series MAXIMUM RATINGS (T , = +25°C unless otherwise noted.) 


Input Voltage (2.0 V — 18 V) 
(24 V) . 


Power Dissipation 
Plastic Package 


Ta = +25°C Internally Limited 
Derate above Ta = +25°C | 15.4 
To = +25°C Internally Limited 


Derate above Tc = +95°C (See Figure 1) 200 


Metai Package 


Ta = +25°C Internally Limited 
Derate above Ta = +25°C 28.6 
To = +25°C Internally Limited 
Derate above Tc = +65°C 182 


Storage Temperature Range -65 to +150 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient — Plastic Package Roja 
— Metal Package 


Thermal Resistance, Junction to Case -- Plastic Package 


— Metal Package 


Characteristic 


Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, Ig = 100 mA) 
-7.0 Vde > V;} >-25 Vde 
-8.0 Vdc > Vy =~-12 Vdc 
(Ty = +25°C, Ig = 500 mA) 
-7.0 Vdc > Vi S-25 Vde 
-8.0 Vdc > Vy 2-12 Vde 


Load Regulation 
Ty = +25°C, 5.0mA <IQ<1.5A 
250 mA <!Ig <750 mA 


Output Voltage 
-7.0 Vde > V) >-20 Vdc, 5.0 mA S19 <1.0A,P<15W 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
-7.0Vde 2V; 2-25 Vde 
5.0mMA <IQ9 <1.5A 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 
Long-Term Stability 
Ripple Rejection (19 = 20 mA, f = 120 Hz): 


Input-Output Voitage Differential 
IQ = 1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 
Io = 5.0mA, 0°C <Ty <+125°C 
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MC7900C Series 


MC7905C ELECTRICAL CHARACTERISTICS (V; =-10V, Ig = 500 mA, 0°C <T jy < +125°C, unless otherwise noted.) 


Line Regulation 
(Ty = +25°C, Ig = 100 mA) 
-7.0 Vde > V) 2-25 Vde 
-8.0 Vde > Vy 2-12 Vdc 
(Ty = +25°C, lq = 500 mA) 
-7.0 Vde > Vj 2-25 Vdc 
-8.0 Vdc > Vy 2-12 Vde 


Load Regulation 
Ty = +25°C,5.0mMA<IQg< 
250 mA <!I9g S750 mA 


Output Voltage 


Input Bias Current Change 
~7.0 Vde > Vin 2-25 Vde 
5.O0mMA <IQ<1.5A 


Long-Term Stability 


Io = 1.0A, Ty = +25°C 


—_e 
Output Voltage (Ty = +25°C) 


-7.0 Vde > Vi 2-20 Vdc, 5.0 mA <!1g <1.0A,P S15 W 
Input Bias Current (Ty = +25°C) 


: 
a 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 


Ripple Rejection (1g = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 


Average Temperature Coefficient of Output Voltage 
Io = 5.0 mA, 08°C <Tp <+125°C 


Unit 


t 
on 
fe) 


< 
ion 
is) 


at 


ReGioad 


o 

= i 

oO 
NO 
no 


< < 


-4. Maa -5.25 


a 
> 


oe mV/1.0k Hrs 
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IVi-Vo! Vdc 


AVQ/AT mv/°C 


MC7905. 2C ELECTRICAL CHARACTERISTICS (v, = -10 V, lg = 500 mA, OCCT; msc unless otherwise noted.) 


Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, Ig = 100 mA) 
-7.2 Vde > Vy 2-25 Vde 
-8.0 Vdc > V, 2-12 Vde 
(Ty = +25°C, Ig = 500 mA) 
-7.2 Vde > Vi 2-25 Vde 
-8.0 Vde > Vj 2-12 Vde 


| Load Regulation 


250 mA <!9 <750 mA 
Output Voltage 


Input Bias Current Change 
-7.2 Vde 2 Vy 2-25 Vde 
5.0mA <IQ9 S1.5A 


Long-Term Stability 


Ig = 1.0A, Ty = +25°C 


Characteristic 


ae 5.0mA <IQ9 S15A 


-7.2 Vde > Vy 2-20 Vdc, 5.0mA <lg 
Input Bias Current (Ty = +25°C) 


<1.0A,P <15 W 


Output Noise Voltage (Ta = +25°C, 10 Hz Cf 


| 
i | 
> 
< 
o |= 
eB 


Ripple Rejection (lo = 20 mA, f = 120 Hz) 
Input-Output Voltage Differential 


Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA, 08°C <Tp <+125°C 


Symbol Unit 
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ac mv 


105 


——t Ok Hrs 


Regioad 


a 
o 


s 
< 
o 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-227 


MC7900C Series 


MC7906C ELECTRICAL CHARACTERISTICS (Vj =-11 V, 19 = 500 mA, 0°C <Ty ie unless otherwise noted.) 
Line Regulation sai 
(Ty =+25°C, Io = 100 mA) 
(Ty = +25°C, Io = 500 mA) 
-8.0 Vdc > Vi 2-25 Vdc 
-9.0 Vde > Vi 2-13 Vde . 
Load Regulation Regioad 
Ty =+25°C, 5.0mMA Sig < 1.5A 
250 mA <!9 < 750 mA 
Input Bias Current (Ty = +25°C) Me Be. oo} 
Input Bias Current Change 
-8.0 Vde > V| 2-25 Vdc 
5.0 mA <!I9 <1.5A 


-8.0 Vde > V; >-25 Vde 
Output Voltage 
Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 


-9.0 Vde > V; 3-13 Vde 
~8.0 Vdc > V) 2-21 Vdc, 5.0 MA <Ig <1.0A, P <15 W) 


Input-Output Voltage Differential IVi-Vo| 
Io =1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 4VQ/4T 4 


Io = 5.0 mA, 0°C <Ta <+125°C 


——e ae 
Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, Iq = 100 mA) 
-10.5 Vde > Vy >-25 Vdc 
-11 Vde > V; 2 -17 Vde 

(Ty = +25°C, 1g = 500 mA) 
-10.5 Vde > Vy 2-25 Vdc 
-11 Vde > V) > -17 Vde 


| Load Regulation 
Ty = +25°C, 5.0mA <IQ <1.5A 
250 MA <!9 <750 mA 


Output Voltage 
-10.5 Vde > V| 2-23 Vde, 5.0MA<IQ < 1.0A,P<15W 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
-10.5 Vde > Vy 2-25 Vdc 
5.0mA <19 <1.5A 


| Input- ue Voltage Differential 
Io = 1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 4VQ/4T 
Io = 5.0 mA, 0°C <Tp <+125°C . 
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MC7900C Series 


MC7912C ELECTRICAL CHARACTERISTICS (V) =-19 V, Ig = $00 mA, 0°C <Ty << +125°C, unless otherwise noted.) 


ee 


Line Regulation Regline 
(Ty = +25°C, Io = 100 mA) 
-14.5 Vde > V, 2-30 Vde 13 120 
-16 Vde 2> VV; S-22 Vde 6.0 60 
(Ty = +25°C, Iq = 500 mA) 
-14.5 Vde > Vi 2-30 Vde 55 240 
24 120 
Regioad 
Ty = +25°C,5.0mA <IQ<1.5A 46 240 
250 mA <!Ig <750 mA 17 120 
Output Voltage Vo -11.4 ~ -12.6 
~14.5 Vde > Vy 2-27 Vdc, 5.0mMA <IQg <1.0A,P <15W 
1.0 
5OmMA<I9 <1.5A 0.5 
Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) a ia 
Long-Term Stability 
Ripple Rejection (Ig = 20 mA, f = 120 Hz) | RR 


-16 Vde > Vj 2-22 Vde 


Load Regulation 


Input Bias Current Change 
~14.5 Vde > Vy 2-30 Vde 


75 


Input-Output Voltage Differential IVi-Vol 
Ig =1.0A, Ty = +25°C 

Average Temperature Coefficient of Output Voltage SVQ/4T 
19 = 5.0 mA, 08°C KT py <+125°C 


MC7915C ELECTRICAL CHARACTERISTICS ( Vv, = -23 V, Io = 500 mA, 0°C <Ty <+125°C, unless otherwise noted.) 
T 


2: 
y 


Pi wil 
2a ee 


Characteristic Symbol 


-14.4 


< 
O 


Output Voltage (Ty = +25°C) 


150 
75 
300 
150 


300 
150 


-15.75 Vdc 


Line Regulation Regiine 
(Ty = +25°C, 1g = 100 mA) 
-17.5 Vde > Vj 2-30 Vde 
-20 Vde > Vy 2-26 Vde 

(Ty = +25°C, tq = 500 mA) 
-17.5 Vde > V} 2-30 Vdc 
-20 Vde 2 Vv, 2-26 Vde 


Oo oO — 
N oF 


Load Regulation Regioad 
Ty = +25°C,5.0mA <IQ <1.5A 


250 mA <!9 <750 mA 


fey) 
ee) 


nN 
or 


N 
~ 


E 
< 


Output Voltage -14.25 


-17.5 Vde > Vj 2-30 Vdc, 5.0 mA <!19 S1.0A,P S15 W 


E 
Oo 


mA 
mA 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
-17.5 Vde > Vi 2-30 Vde 
5.0mA <!I9 S1.5A 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 


< 


el a ae ea 
Input-Output Voltage Differential IVi-Vol 2.0 Vdc 
In = 1.0A, Ty = +25°C 
Average Temperature Coefficient of Output Voltage 4V0/4T mvV/°C 
Io = 5.0 mA, 0°C <Ta <+125°C 
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MC7900C Series 


MC7918C ELECTRICAL CHARACTERISTICS (V; = -27 V, Ip = 500 mA, 0°C <Ty <+125°C, unless otherwise noted.) 


Symbol 
Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, ig = 100 mA) 
-21 Vde 2 Vi 2-33 Vde 
-24 Vdc > V; 2-30 Vde 
(Ty = +25°C, Iq = 500 mA) 
-21 Vde > Vy 2-33 Vde 

-24 Vde 2 V; 2-30 Vde 


Load Regulation 
Ty = +25°C, 5.0mA <1Q <1.0A 
250 mA <!Qg <750 mA 


Output Voltage 
-21 Vde > Vy 2-33 Vdc, 5.0 MA <!I9 <1.0A,P<15W 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
-21 Vde > Vi 2-33 Vde 
5.0mA <19 <1.0A 


Output Noise Voltage (Ta = +259C, 10 Hz <f <100 kHz) 


Long-Term Stability AVo/At | 


Ripple Rejection (Iq = 20 mA, f = 120 Hz) | | RR 


Input-Output Voltage Differential IVi-Vol 
Io = 1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 4VQ/4T 
IQ = 5.0 mA, 0°C <Tp <+125°C ; 


[Symbot_[ min [Typ | 


Line Regulation | Redline 
(Ty = +25°C, |g = 100 mA) 
-27 Vde > Vi >-38 Vde 
-30 Vde > V; >-36 Vde 
(Ty = +25°C, Iq = 500 mA) 
-27 Vdc > Vy >-38 Vde 
-30 Vde > VV) 2-36 Vdc 


Load Regulation 
Ty = +25°C,5.0mMA <Ig <1.0A 
250 mA <!I9 <750 mA 


Output Voltage 
-27 Vdc > V) 2-38 Vde, 5.0 MA <l9 <1.0A,P<15W 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
-27 Vde > Vi 2-38 Vdc 
5.0 mA <!9 <1.0A 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 


Long-Term Stability i 
Ripple Rejection (lo = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 
lo =1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 
Ig = 5.0 mA, 0°C <Ta <+125°C 
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MC7900C Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — WORST CASE POWER DISSIPATION ASA FIGURE 2 — WORST CASE POWER DISSIPATION ASA 
FUNCTION OF AMBIENT TEMPERATURE (TO-220) FUNCTION OF AMBIENT TEMPERATURE (TO-3) 
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FIGURE 5 — RIPPLE REJECTION ASA FUNCTION OF FIGURE 6 — OUTPUT VOLTAGE AS A FUNCTION 
OUTPUT VOLTAGES OF JUNCTION TEMPERATURE 
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MC7900C Series 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — QUIESCENT CURRENT AS A FUNCTION 

OF TEMPERATURE DEFINITIONS 
Line Regulation --.The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 


Load Regulation -- The change in output voltage for a change in 
load current at constant chip temperature. 


Maximum Power Dissipation - The maximum total device dissi- 
pation for which the regulator will operate within specifications. 


Input Bias Current - That part of the input current that is not 
delivered to the load. 


Re 
bo Gee 
oe oe ee lS 
Sa a Ce i se a as 


0 100 125 
fr iuaenan ae (°C) Long Term Stability Output voltage stability under accelerated 


life test conditions with the maximum rated voltage listed in the 
devices’ electrical characteristics and maximum power dissipation. 


tg, INPUT BIAS CURRENT (mA) 


Output Noise Voltage The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre- 
quency range. 


a 
MOTOROLA LINEAR/INTERFACE DEVICES 


4-232 


MC7900C Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC7900C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the reg- 
ulators input terminals. Normally good construction techniques 


In many low current applications, compensation capacitors are should be used to minimize ground loops and lead resistance 
not required. However, it is recommended that the regulator drops since the regulator has no external sense lead. Bypassing the 
input be bypassed with a capacitor if the regulator is connected output is also recommended. 


FIGURE 8 — CURRENT REGULATOR 


FIGURE 9 — CURRENT BOOST REGULATOR 
(-5.0 V @ 4.0A, with 5.0 A current limiting) 


-5.0V 
Output 


2N 3055 * 
or Equiv 


.O LF Licoue 


1 
+ + 
Gnd @ i. aes eT 


The MC7902, -2.0 V regulator can be used as a constant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 


Gnd 
*Mounted on common heat sink, Motorola MS-10 or equivalent. 
When a boost transistor is used, short-circuit currents are equal 
to the sum of the series pass arid regulator limits, which are 
measured at 3.2 A and 1.8 A respectively in this case. Series pass 
limiting is approximately equal to 0.6 V/Rsc. Operation beyond 
this point to the peak current capability of the MC7905C is pos- 
sible if the regulator is mounted on a heat sink; otherwise thermal 
shutdown will occur when the additional load current is picked up 
by the regulator. 


igpee 
Ot 18 


The quiescent current for this regulator is typically 4.3 mA. 
The 2.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6.0 V below the 
input voltage. 


FIGURE 11 — TYPICAL MECL SYSTEM POWER SUPPLY 
(-5.2 V @ 4.0A and -2.0 V @ 2.0 A; for PC Board) 

-12 V 

Input 


FIGURE 10 — OPERATIONAL AMPLIFIER SUPPLY 
(+15 V@ 1.0A) 


-5.2V 
Output 


+20 V 
Input 


+15 V 
Output 


1.0 
EN4001 MC7905.2C 
or Equiv 
Gnd ps 


-2.00 V 
Output 


MC7915C 


-15 V 
Output 


MC7902C 


When current-boost power transistors are used, 47-ohm base-to- 
emitter resistors (R) must be used to bypass the quiescent current 
at no load. These resistors, in conjunction with the Vpe of the 
NPN transistors, determine when the pass transistors begin con- 
ducting. The 1-ohm and 4-ohm dropping resistors were chosen to 
reduce the power dissipated in the boost transistors but still leave 
at least 2.0 V across these devices for good regulation. 


The MC7815 and MC7915 positive and negative regulators may 
be connected as shown to obtain a dual power supply for oper- 
ational amplifiers. A clamp diode should be used at the output of 
the MC7815 to prevent potential latch-up problems. 


ew np SPs SSS ss SS 
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MC79LOOC,AC Series MOTOROLA 


THREE-TERMINAL LOW CURRENT THREE-TERMINAL LOW 


NEGATIVE VOLTAGE REGULATORS CURRENT NEGATIVE FIXED 
VOLTAGE REGULATORS 


The MC79LO0 Series negative voltage regulators are inexpensive, 
easy-to-use devices suitable for numerous applications requiring up to 
100 mA. Like the higher powered MC7900 Series negative regulators, 


ies f h | sh d t limiti ki 
this series features thermal shutdown and current limiting, making P SUFFIX 


them remarkably rugged. In most applications, no external com- PLASTIC PACKAGE 
ponents are required for operation. CASE 29-02 

The MC79LO00 devices are useful for on-card regulation or any TO-226AA 
other application where a regulated negative voltage at a modest (TO-92) 
current level is needed. These regulators offer substantial advantage 
over the common resistor/zener diode approach. 


Pin 1. Ground 
2. Input 
@ No External Components Required 3. Output 


@ Internal Short-Circuit Current Limiting 
@ Internal Thermal Overload Protection 
@ Low Cost 
@ Complementary Positive Regulators Offered 
(MC78L00 Series) ees 
Available in Either +5% (AC) or +10% (C) Selections CASE 79-02 


TO-205AD 
(TO-39) 


Pin 1. Ground 
REPRESENTATIVE CIRCUIT SCHEMATIC 2. Output 


3. Input 


oS MC79LXXC 
Hs 
ae 


co (Case connected to Pin 3) (Bottom View) 
R5 

R18 
R14 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 

*= C, is required if regulator is located an 
appreciable distance from power supply 
filter. 


**= Co improves stability and _ transient 
response. 


| Device No.| Device No. Nominal ORDERING INFORMATION 
+10% +5% Voltage 


MC79LO03C | MC79L03AC 
MC79L05C | MC79LO5AC 
MC79L12C | MC79L12AC 
MC79L15C | MC79L15AC 
MC79L18C | MC79L18AC 
MC79L24C | MC79L24AC 


XX _ indicates nominal voltage 
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MC79L00C,AC Series 


MC79LOOC Series MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 
(-3,-5 V) 
(-12,-15,-18 V) 


| Unit 
-35 
(-24 V) -40 


Input Voltage 


MC79L03C, AC ELECTRICAL CHARACTERISTICS (vj = -10 V, 19 = 40 mA, Cj = 0.33 HF, Co =0.1uF, 


0°C < Ty < +125°C unless otherwise noted.) 


MC79L03AC 


Symbol p 


Input Regulation 


(Ty = +25°C) 
-7.0 Vde > Vy) > -20 Vde 
-8.0 Vdc > V) > -20 Vde 


Load Regulation 
Ty = +25°C, 1.0mMA <!1Q < 100mA 
1.0mA <!9Q <40mA 
Output Voltage 
-7.0 Vde > Vj > -20 Vde, 1.0mMA < !Q < 40mA 
Vy =-10 Vde, 1.0mMA <IQ <70MA 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
-8.0 Vde > Vj = -20 Vde 
1.0mA <!IQ <40mA 
Output Noise Voltage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability 


Ripple Rejection 
(-8.0 > Vy > -18 Vde, f = 120 Hz, Ty = 25°C) 


Input-Output Voltage Differential 
Io = 40 mA, Ty = +25°C 


ggg 
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MC79L00C,AC Series 


MC79LO05C, AC Series ELECTRICAL CHARACTERISTICS (vj = -10 V, Ig = 40mA, Cj = 0.33 uF, CoQ = 0.1 uF, 
0°C <Ty <+125°C unless otherwise noted.) 


Characteristic | Min | Typ | 

Output Voltage (Ty = +25°C) | -46 | -5.0 | -5.4 
Input Regulation 

(Ty = +25°C) 

-7.0 Vde > V}> -20 Vde 

~8.0 Vde > V; >-20 Vdc 
Load Regulation 

Ty =+25°C, 1.0mA < lo < 100mA 

10mA <!lQg <40mA 
Output Voltage 

-7.0 Vde > V) > -20 Vdc, 1.0mMA< IQ <40mA 

V, =-10 Vde, 1.0mMA<Ig<70mA 
Input Bias Current 

(Ty = +25°C) 

(Ty = +125°C) 
Input Bias Current Change 

~8.0 Vde > V; > -20 Vde 

10mMA<I9 <40mA 


Output Noise Voltage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 
Long-Term Stability 


Ripple Rejection 

(-8.0 > V, > 18 Vde, f = 120 kHz, Ty = 25°C) 
Input-Output Voltage Differential 

19 = 40 mA, Ty = +25°C 


MC79L12C, AC ELECTRICAL CHARACTERISTICS (v, =-19V, lo = 40 mA, C) = 0.33 uF, CO = 0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 


MC79L12C MC79L12AC 
Characteristic Symbol | Min | Typ | max | min [ typ [ Max | unit 


input Regulation Redline fe] an 
Ps | ae . 


Ty = +25°C, 1.0mMA <Ig < 100mA 

1.0mA <l9Q <40mA 
Output Voltage 

-14,5 Vde > Vj > -27 Vde, 1.0mMA<IQg<40mA 
Vi, =-19 Vde, 1.00mA<IQ<70mA 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
-16 Vde > V; > -27 Vde 
1.0mA <!9 <40mA 


(Ty = +25°C) 
Redload 
Vdc 


-14.5 Vde > V\> -27 Vde 
-16 Vde > V; 2 -27 Vde 
Load Regulation 

ae 


Output Noise Voltage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability 


Ripple Rejection 36 
(-15 < Vj < -25 Vdc, f = 120Hz, Ty = +25°C) 


24 
42 
Input-Output Voltage Differential IV\-Vol 1.7 
19 = 40 mA, Ty = +25°C 
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MC79LO00C,AC Series 


MC79L15C, AC ELECTRICAL CHARACTERISTICS (Vv, = -23 V, lq = 40 mA, Cj = 0.33 uF, Co = 0.1 uF, 


0°C < Ty < +125°C unless ee SE noted.) 


Output Voltage (Ty = +25°C) 


Input Regulation 
(Ty = cna 
-17.5 Vde > V; > -30 Vdc 
-20 Vde = i : -30 Vde 


Load Regulation 
Ty = 425°C, 1.0mA <!Q9 < 100mA 
1.0mA<1l9 <40mA 
Output Voltage 
-17.5 Vde > V\ = -30 Vdc, 1..0mA <!lQ <40mA 
Vy = -23 Vdc, 1.0mMA <IQ9< 70mA 
input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias rie Change 
-20 Vde > Vy = -30 Vdc 
1.0mA< im ren 
Output Noise Voltage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 


peng: -Term Piedeells mV/1.0 k Hrs. 


(-18.5 < Vj < -28.5 Vde, RAN! 


MC79L18C, AC ELECTRICAL CHARACTERISTICS (vj =-27V, Ig = 40 mA, Cj = 0.33 uF,Co = 0.1 HF, 
O°C < Ty < +125°C unless otherwise noted.) 


Characteristic 


Output Voitage (Ty = +25°C) 


Input Regulation 


(Ty = eee 

~20.7 Vde = > -33 Vde 
~21.4 Vdc > ee Vdc 
-22 Vde = V; => -33 Vde 


-21 Vde > V; > -33 Vde 


Load Regulation 
Ty = +25°C, 1.0mA < 19 < 100mA 
10mA <!l9 <40mA 

Output ee 

-20.7 Vde > V| > -33 Vde, 1.0 mA< 19 <40mA 

-21.4 Vde 2 > -33 Vdc, 1.0mA<!1Q <40mA 

Vi = ~-27 TOMAS lio <70mA 

Input Bias Current 
(Ty = +25°C) 

(Ty = +125°C) 

Input Bias ee Change 
-21 Vde 2 2 -33 Vde 
-27 Vdc = -33 Vdc 

1.0mA ie <40mA 


Output Noise Voltage 
(Ta= +25°C, 10 Hz < f < 100 kHz) 
Long-Term Stability 


Ripple Rejection , 32 
(-23 < Vy < -33 Vdc, f = 120 Hz, Ty = +25°C) 


Input-Output Voltage Differential 
19 = 40 mA, Ty = +25°C 


2V 
< 
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MC79L00C,AC Series 


MC79L24C, AC ELECTRICAL CHARACTERISTICS (Vv; = -33 V, 19 = 40 mA, C) = 0.33 uF, Co =0.1uF, 


0°C < Ty < +125°C unless otherwise noted.) 


Output Voltage (Ty = +25°C) 
Input Regulation 


ReGline 


(Ty = +25°C) 
-27 Vde > Vi; >-38V | 
-27.5 Vde > V\ > -38 Vde 


-28 Vde = V| > -38 Vdc 
Load Regulation | 
Ty = +25°C, 1.0mA < IQ < 100mA 
1.0mA <!Q <40mA 
Output Voltage 
-27 Vde 2 V} > -38V,1.0mMA <!lQ <40mMA 
-28 Vde > Vi = -38 Vdc, 1.0MA<IQ<40mA 
V, = -33 Vde, 10mMA<IQ<70mA 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
-28 Vde = Vj > -38 Vde 
1.0mA <!9 <40mA 
Output Noise Voltage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability 


Regload 


aul) 


< 
eo) 
o> oS 
Nw ow 


a 


SMVQ/4t 
Ripple Rejection 


(-29 - Vy -. -35 Vdc, f = 120 Hz, Ty = 25°C) 


Input-Output Voltage Differential. 
Iq = 40 mA, Ty = +25°C 


IVy-Vol 


Ww 
Oo 
Ww 


MC79L24C 


| Min | Typ 


| Bu 


: mV 
350 
350 —_ 
300 300 
. mV 
200 200 
Vde 


MC79L24AC 


: 
< 
xo) 


-25.9 -23 


mA 
6.5 
6.0 


mV/1.0k Hrs. 


200 200 


oO 
op) 
oO 
cop) 


wo 


Vdc 


NS 


o as 
“SJ ~S 


APPLICATIONS INFORMATION 


Design Considerations 

The MC79LOOC Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass. 

In many low current applications, compensation capacitors are 
not required. 
input be bypassed with a capacitor if the regulator is connected 
to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 


FIGURE 7 — CURRENT REGULATOR 


MC79LO03C 


The MC79L03, -3.0 V regulator can be used as aconstant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 


| sa | 
Ee + 
O R B 


The quiescent current for this regulator is typically 3.8 mA. 
The -3.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6.0 V below the 
input voltage. 


However, it is recommended that the regulator - 


selected to provide good high-frequency characteristics to insure 
stable Operation under all load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. Bypassing the out- 
put is also recommended. 


FIGURE 8 — POSITIVE AND NEGATIVE REGULATOR 


MC78LXX 
MC79LXX 


+*VO 
+Vy OQ O . 


0.33 MF 


-Vy O- 


0.33 uF 
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MC79LO00C,AC Series 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — DROPOUT CHARACTERISTICS 
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FIGURE 2— DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 
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VOLTAGE (VOLTS) 
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Dropout of Regulation is 
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Vo = 2% of Vo 
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FIGURE 4 — INPUT BIAS CURRENT versus 
INPUT VOLTAGE 
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FIGURE 6 — MAXIMUM AVERAGE POWER DISSIPATION versus 
AMBIENT TEMPERATURE — TO-39 Type Package 
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MC79M00 
Series 


THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 


The MC79M00 Series of fixed output negative voltage regula- 
tors are intended as complements to the popular MC78M00 Series 
devices. 

Available in fixed output voltage options of —5.0, —12 and 
— 15 volts, these regulators employ current limiting, thermal shut- 
down, and safe-area compensation — making them remarkably 
rugged under most operating conditions. With adequate heat- 
sinking they can deliver output currents in excess of 0.5 ampere. 


@ No External Components Required 

@ Internal Thermal Overload Protection 

@ Internal Short-Circuit Current Limiting 

@ Output Transistor Safe-Area Compensation 

@ Packaged in the Plastic Case 221A (TO-220AB) 


aed 
bese c 


= 


ae 


ORDERING INFORMATION 


Operating Junction 
Output Voltage Temperature Range Package 


MC7SMO5CT — 5.0 Volts 
MC79M12CT — 12 Volts 
MC79M15CT — 15 Volts 


0°C to +125°C Plastic Power 


MOTOROLA 


THREE-TERMINAL 
NEGATIVE FIXED | 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A-02 
TO-220AB 


Pin 1. Ground (Heatsink surface 
2. Input connected to 
3. Output Pin 2) 


STANDARD APPLICATION 


Output 


Co** 
1.0 wF 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 1.1 V more nega- 
tive even during the high point on the input 
ripple voltage. 


XX = these two digits of the type number 
indicate voltage. 


Cjn is required if regulator is located 
an appreciable distance from power 
supply filter. 


Co improves stability and transient 
response. 
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MiC79M00 


MC79MXX Series MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


Input Voltage 


Power Dissipation ; 
Plastic Package 
Ta = +25°C Internally Limited 
Derate above Ta = +25°C 14.2 
Te = +25°C Internally Limited 
Derate above Tc = +95°C 


Storage Junction Temperature Range 
Junction Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


MC79MOS5C ELECTRICAL CHARACTERISTICS (Vv; = -—10 V, Io = 350 mA, 0°C < Ty < +125°C unless otherwise noted.) 


Symbol 
Output Voltage (Ty = +25°C) 


Line Regulation (Ty = +25°C) (Note 1) Regiine 
—7.0 Vde = Vj = —25 Vde 
—8.0 Vde = Vj = — 18 Vde 


Load Regulation (Ty = +25°C) (Note 1) 
5.0 mA < Io < 500 mA 


Output Voltage Vo 
-7.0 Vde = Vj = —25 Vdc, 5.0 mA < Ig < 350 mA 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
—8.0 Vdce= V; = — 25 Vde, lo = 350 mA 
5.0 mA < Ig < 350 mA, Vj = —10V 


Ripple Rejection (f = 120 Hz) 


Input-Output Voltage Differential 
Io = 500 mA, Ty = +25°C 
Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA, 0°C < Ty < +125°C 


Note: 
1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 


seen mega r ie e  eeeeee 
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MC79M00 


Input Bias Current Change 
— 14.5 Vde = V; = —30 Vdc, Io = 350 mA 


MC79M12C ELECTRICAL CHARACTERISTICS (Vv; = -—19 V, Io = 350 mA, 0°C < Ty < +125°C unless otherwise noted.) 
Output Voltage (Ty = +25°C) | 145 
Line Regulation (Ty = +25°C) (Note 1) Sone 

— 19 Vde = Vj = —25 Vde 
Load Regulation (Ty = + 25°C) (Note 1) Regioad 
5.0 mA < Ig = 500 mA 
Input Bias Current (Ty = +25°C) = 
5.0 mA < Ico < 350 mA, Vj = —19V = 
Ripple Rejection (f = 120 Hz) a 
Input-Output Voltage Differential IVi-Vol 
Io = 500 mA, Ty = +25°C | 


ee 
— 14.5 Vde = Vj = —30 Vde 
Output Voltage 
— 14.5 Vde = V| = —30 Vdc, 5.0 mA < Io < 350 mA 
Output Noise Voltage (Ta = +25°C, 10Hz < f < 100 kHz) 
Average Temperature Coefficient of Output Voltage AVO/AT 
Io = 5.0 mA, 0°C S Ty = +125°C 


MC79M15C ELECTRICAL EOI Ene tice (Vj = —23 V, lo = 350 mA, 0°C < Ty < +125°C unless otherwise noted.) 


[Characteristic Symbol 
Output Voltage (Ty = +25°C) | Vo 


Line Regulation (Ty = +25°) (Note 1) Regline 
— 17.5 Vde = Vj = —30 Vde 
-—18 Vde = Vj = — 28 Vde 
Load Regulation (Ty = +25°C) (Note 1) Regioad 
5.0 MA <= Io = 500 mA 
Output Voltage — 14.25 
— 17.5 Vde = Vj = —30 Vdc, 5.0 mA < Io < 350 mA 
Input Bias Current (Ty = +25°C) _— 
Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection (f = 120 Hz) 
Input-Output Voltage Differential nad 
lo = 500 mA, Ty = +25°C 


Average Temperature Coefficient of Output Voltage AVO/AT 
Io = 5.0 mA, 0°C < Ty < +125°C 


Note: 
1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account aoarstaly 
Pulse testing with low duty cycle is used. 


Input Bias Current Change 
— 17.5 Vde = V; = —30 Vde, Iq = 350 mA 
5.0 mA < Io = 350 mA, Vj = —23 V 


| | 
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MC34060 
MOTOROLA MC35060 


Specifications and Applications 
Information SWITCHMODE 


PULSE WIDTH MODULATION 


CONTROL CIRCUITS 
SWITCHMODE PULSE WIDTH MODULATION 


SILICON MONOLITHIC 
CONIRR Eevee re INTEGRATED CIRCUITS 


The MC35060 and MC34060 are low cost fixed frequency, pulse 
width modulation control circuits designed primarily for single 
ended SWITCHMODE power supply control. These devices feature: 


@ Complete Pulse Width Modulation Control Circuitry 

@ On-Chip Oscillator With Master or Slave Operation 

@ On-Chip Error Amplifiers 

@ On-Chip 5.0 Volt Reference 

@ Adjustable Dead Time Control 

@ Uncommitted Output Transistor for 200 mA Source or Sink 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 
(MC34060 only) 


PIN CONNECTIONS 


Compen/PWM 
Comp Input 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


(Top View) 


ORDERING INFORMATION 


The MC34060 is specified over the commercial operating range of 
0°C to+70°C. The MC35060 is specified over the full military range 
of -55 to +125°C. 
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MC34060, MC35060 


FIGURE 1 — BLOCK DIAGRAM 
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FIGURE 2 — TIMING DIAGRAM 


| | | | | | | | | 
PS 
Feedback/P.W.M. 


Comparator ne 
Dead-Time Control oe | | | | | | | | 


Capacitor Cy 


‘Output Q1, 
» Emitter 


Description 


Output pulse width modulation is accomplished by compar- 
ison of the positive sawtooth waveform across capacitor CT 
to either of two control signals. The output is enabled only 
during that portion of time when the sawtooth voltage is 
greater than the control signals. Therefore, an increase in 
- control-signal amplitude causes a corresponding linear 
decrease of output pulse width. (Refer to the timing dia- 


1.1 cae 
fosc= RT @ CT gram shown in Figure 2.) 


The MC35060/34060 is a fixed-frequency pulse width 
modulation control circuit, incorporating the primary 
building blocks required for the control of a switching power 
supply. (See Figure 1.) An internal-linear sawtooth oscilla- 
tor is frequency-programmable by two external compo- 
nents, Rt and Cr. The oscillator frequency is determined by: 
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The control signals are external inputs that can be fed into 
the dead-time control, the error amplifier inputs, or the feed- 
back input. The dead-time control comparator has an effec- 
tive 120 mV input offset which limits the minimum output 
dead time to approximately the first 4% of the sawtooth- 
cycle time. This would result in a maximum duty cycle of 
96%. Additional dead time may be imposed on the output by 
setting the dead time-control input to a fixed voltage, ranging 
between 0 to 3.3 V. 

The pulse width modulator comparator provides a means 
for the error amplifiers to adjust the output pulse width from 
the maximum percent on-time, established by the dead time 
time control input, down to zero, as the voltage at the feed- 


back pin varies from 0.5 to 3.5 V. Both error amplifiers have 
a common-mode input range from -0.3 V to(Vcc -2 V), and 
may be used to sense power Supply output voltage and cur- 
rent. The error-amplifier outputs are active high and are 
ORed together at the non-inverting input of the pulse-width 
modulator comparator. With this configuration, the ampli- 
fier that demands minimum output on time, dominates 
control of the loop. 

The MC35060/34060 has an internal 5.0 V reference 
capable of sourcing up to 10 mA of load currents for external 
bias circuits. The reference has an internal accuracy of 
+5% with a thermal drift of less than 50 mV over an 
operating temperature range of 0 to +70°C. 


MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted) 


42 
250 


a 
[ae 
Power Dissipation @ Ta < 456°C | Pp 


THERMAL CHARACTERISTICS 


: L Suffix P Suffix 
Characteristic . Symbol | Ceramic Package | Plastic Package 
Thermal Resistance, Junction to Ambient | Rua | 100 =| 80 | IW 


Power Derating Factor VROJA 
Derating Ambient Temperature a ere ae ee eee ere Oe 


80 


RECOMMENDED OPERATING CONDITIONS 


Condition/Value Symbol | Min | Typ 
Power Supply Voltage 
Collector Output Voltage 


ee ae 
[Collector Output Current | tc | 00m 
| 


| | 
[Gurrent into Feedback Terminal ———SSSSSCSCSC*d Sk | | |. | 
iveelometwet ee 

Timing Resiser Sid tw || 
Timing Capacitor —SSSSCSCS~C ey t00e [cco 
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ELECTRICAL CHARACTERISTICS (Voc = 15 V, fogc = 25 kHz unless otherwise noted. For typical values Ta = 25°C, for 
min/max values Ta, is the operating ambient temperature range that applies unless 
otherwise noted.) 


REFERENCE SECTION 
Reference Voltage Vref 
(Io = 1.0 mA) 
Reference Voltage Change with Temperature -Vref(AT) 2.6 
(ATA = Min to Max) 
Input Regulation ReGline mV 
(Vcc = 7.0 V to 40 V) 
Output Regulation Regload 
(Ig = 1.0 mA to 10 mA) 
| Short-Circuit Output Current 35 35 
(Vref = OV, Ta = 25°C) 


OUTPUT SECTION 
Collector Off-State Current 


ICloff 2.0 100 2.0 100 pA 
(Vcc = 40 V, VceE = 40 V) 
Emitter Off-State Current lE(off) — 150 7 ey eet 
(Vcc = 40 V, Vc = 40 V, VE = OV) 


Collector-Emitter Saturation Voltage Vsat(C) 1.3 
Common-Emitter 
Common-Emitter (See Figure 12) 


(Ve = OV, Ic = 200 mA) 
Emitter-Follower 
100 200 100 200 
100 200 100 200 
Emitter-Follower (See Figure 13) 


(Vc = 15 V, IE = —200 mA) 

Output Voltage Rise time (Ta = 25°C) 

Common-Emitter (See Figure 12) 

Emitter-Follower (See Figure 13) 
Output Voltage Fall Time (Ta = 25°C) 

Min | 1 

ERROR AMPLIFIER SECTIONS 
Input Offset Voltage 

(VO[Pin 3] = 2-9 V) — 
Input Offset Current 
(Vc[Pin 3] = 2-5 V) 
Input Bias Current 


(Vo[Pin 3] = 2.5 V) 


Open Loop Voltage Gain 
(AV = 3.0 V, Vo = 0.5 to 3.5 V, RL = 2.0 kQ) 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V, fogc = 25 kHz unless otherwise noted. For typical values Ta = 25°C, for 
min/max values Ta, is the operating ambient temperature range that applies unless 
otherwise noted.) . 


| MC35060/MC34060 
Characteristic Symbol | min | Typ | Max | 


ERROR AMPLIFIER SECTIONS (Continued) 


Unity-Gain Crossover Frequency 
(Vo = 0.5, to 3.5 V, RL = 2.0 kQ) 


Phase Margin at Unity-Gain 
(Vo = 0.5 to 3.5 V, RE = 2.0 kQ) 


Common-Mode Rejection Ratio 
(Vcc = 40 V) 


Power Supply Rejection Ratio 
(AVcc = 33 V, Vo = 2.5 V, RL = 2.0 k) 


Output Sink Current 
(Vo[Pin 3] = 9.7 V) 


Output Source Current 
(Vo[Pin 3] = 3-5 V) 


PWM COMPARATOR SECTION (Test circuit Figure 11) 


DEAD-TIME CONTROL SECTION (Test Circuit Figure 11) 
Input Bias Current (Pin 4) 
(Vin = 0 to 5.25 V) 
Maximum Output Duty Cycle 
(Vin = OV, Cy = 0.1 wF, Rp = 12 kQ) 
(Vin = OV, CT = 0.001 uF, RT = 47 kQ) 
Input Threshold Voltage (Pin 4) 


(Zero Duty Cycle) 
(Maximum Duty Cycle) 


OSCILLATOR SECTION 


Frequency 
(Cy = 0.001 uF, Rt = 47 kQ) 
Standard Deviation of Frequency* 
(Ct = 0.001 uF, RT = 47 kQ) 
Frequency Change with Voltage 
(Vcc = 7.0 V to 40 V, Ta = 25°C) 
Frequency Change with Temperature 
(ATA = TAlow to TAhigh) 


TOTAL DEVICE 


Standby Supply Current 
(Pin 6 at Vref, all other inputs and outputs open) 

(Vcc = 15 V) 

(Vcc = 40 V) 


Average Supply Current 
(Vipin 4] = 2.0 V, Cp = 0.001, RT = 47 kQ). See Figure 11. 
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fo, OSCILLATOR FREQUENCY (Hz) 


% DT, PERCENT DEAD-TIME, 01 OUTPUT 


VCE (SAT). SATURATION VOLTAGE (V) 


300 


FIGURE 3 — OSCILLATOR FREQUENCY 
_ versus TIMING RESISTANCE 
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FIGURE 5 — PERCENT DEAD-TIME versus 
OSCILLATOR FREQUENCY 
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FIGURE 7 — EMITTER FOLLOWER CONFIGURATION 
OUTPUT-SATURATION VOLTAGE versus 
, EMITTER CURRENT © 
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FIGURE 4 — OPEN LOOP VOLTAGE GAIN AND PHASE 
versus FREQUENCY 
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FIGURE 6 — PERCENT DUTY CYCLE versus 
DEAD-TIME CONTROL VOLTAGE 
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FIGURE 8 — COMMON EMITTER CONFIGURATION 
OUTPUT-SATURATION VOLTAGE versus 
EMITTER CURRENT 
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FIGURE 9 — STANDBY-SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FIGURE 10 — ERROR AMPLIFIER CHARACTERISTICS 


Error Amplifier 
Under Test 


Feedback 
O Terminal 
(Pin 3) 


Other Error 
Amplifier 


FIGURE 12 — COMMON-EMITTER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 


15V0 


Output 
Transistor 


Vcc, SUPPLY VOLTAGE (V) 


Test 
Inputs 


FIGURE 11 — DEAD-TIME AND FEEDBACK CONTROL 
TEST CIRCUIT 


Dead- Vcc 
Time 
Feedback 


FIGURE 13 — EMITTER-FOLLOWER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 


O15 V 


Output 
Transistor 
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FIGURE 14 — ERROR AMPLIFIER SENSING TECHNIQUES 


Vv 


oO 

To Output 
Voltage of 
System 


Vref 


R2 


3 3 
Vv 
ref Error 
Amp A 
mp Ry 
= To Output 
POSITIVE OUTPUT VOLTAGE NEGATIVE OUTPUT VOLTAGE Voltage of 
Syst 
Vo = Vref (1 + 2) Vee ee go 
O = Vref R> O=-Vret(t + Ro! 
FIGURE 15 — DEAD-TIME CONTROL CIRCUIT FIGURE 16 — SOFT-START CIRCUIT 


FIGURE 17 — SLAVING TWO OR MORE 
CONTROL CIRCUITS 


Vref 


Master 


Slave 
(Additional 
Circuits) 
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FIGURE 18 — STEP-DOWN CONVERTER WITH SOFT- 
START AND OUTPUT CURRENT LIMITING 


150 nH @2.0A 


Vin = 8.0 to 40 V Vaile 
O O 
5.0V/1.0A 
+ + 
50/50 1000 
6:3V 


TEST CONDITIONS RESULTS 


Line Regulation Vin =8.0V to 40 V, Ig =1.0A 25 mV 0.5% 


Load Regulation Vin=12V, 19 =1.0mAto1.0A 3.0mV 0.06% 


Output Ripple Vin=12V,IQg=1.0A 75 mV p-p P.A.R.D. 
Short Circuit Current in= 12V, RL =0.1 0 


Efficiency in=12V,!IQg=1.0A 
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FIGURE 19 — STEP-UP CONVERTER 


150 uH @4.0A 20 nH @1.0A 
Vin = 8.0 to 26 V oe MR850 ©” pea * Vout 
© O 
28 V/ 
0.5A 
4.7k 
+ : : x 
50/35 V : 
470/35V |470/35V 
TIP 111 


CONDITIONS RESULTS 
Line Regulation Vin = 8.0 V to 26V,IQ=05A 40 mV 0.14% 
Load Regulation Vin=12V,l9o=1.0mMAtoO0.5A 5.0 ave 0.18% 
Output Ripple Vin=12V,I9=0.5A 24 mV p-p P.A.R.D. 
Efficiency Vin=12V, IQ =O0.5A 75% 


*Optional circuit to minimize output ripple. 
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= FIGURE 20 — STEP-UP/ DOWN VOLTAGE INVERTING 
4 CONVERTER WITH SOFT-START AND 


CURRENT LIMITING 


Vin = 8.0 to 40 V TIP 32 Vout 
O O 

20 wH * -15 V/ 

o @1.0A 0.25A 
7.5k 
cule 
+ Comp 
50/50 V Loe tal MC34060 150 nH : 
b 
14 @2.0A° 330/16 V : 330/16 V 


TEST 


* Optional circuit to minimize output ripple. 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-253 


vSc-v 
SAOIAAG JOVAYSLNI/YVANIT VIOHOLOW 


FIGURE 21 — 33 WATT OFF-LINE FLYBACK CONVERTER 


1N4003 WITH SOFT-START AND PRIMARY POWER LIMITING L1 
T>  1N5824 


5.0V/3.0A 
O 


j 1N4934 -12/0.75A 


1N4937 
T1 
Coilcraft W2961 
T2 
Core: 
Coilcraft 11-464-16, 0.025” gap 
in each leg 
Bobbin: 
Coilcraft 37-573 
Windings: . 
Primary, 2 each: 
75 turns #26 Awg Bifilar wound 
Feedback: 
15 turns #26 Awg 
Secondary, 5.0 V: 
6 turns #22 Awg Bifilar wound 


1N4148 2.7k Secondary, 2 each: 
14 turns #24 Awg Bifilar wound 


3 each 
0.0047 UL/CSA 


1N4001 47/25 V 


‘T~ 180/200 V 


-1N4742 


33 k 
0.01 3 


1N4687 6.8 k MC34060 


115 Vac 
+20% 


*Optional R.F.I. Filter 


L1 


RESULTS Coilcraft Z7156, 15uH @5.0A 
20 mV 0.40% L2, L3 
52 mV 0.26% Coilcraft Z7157, 25uH @1.0A 
476 mV 9.5% 
300 mV 2.5% 
45 mV p-p P.A.R.D. 
75 mV p-p P.A.R.D. 
74% 


CONDITIONS 
Vin = 95 to 135 Vac, Io = 3.0A 


TEST 


Line Regulation 5.0 V 


Line Regulation +12 V_ | Vip = 95 to 135 Vac, Ig = +0.75A 


Load Regulation5.0V | Vin =115 Vac, lo =1.0to4.0A 


Vin = 115 Vac, Ig = +0.4 to t0.9A 


Load Regulation +12 V 


Output Ripple 5.0 V Vin = 115 Vac, Igo =3.0A 


Vin = 115 Vac, Ig = +0.75 A 


Output Ripple +12 V 


Vin = 115 Vac, I9 5.0OV=3.0A 
I9 +12 =+0.75A 


Efficiency 


O90SEDIN ‘O90PEDIN 


MC34061, MC34061A 
MC35061, MC35061A 


(AA) MOTOROLA 


Advance Information 


THREE-TERMINAL OVERVOLTAGE **CROWBAR” 
SENSING CIRCUIT 

The MC34061/35061 overvoltage protection (OVP) circuits, in 
combination with two external programming resistorsjand a ‘‘crow- 
bar’’ SCR, protect sensitive electronic circuitry from overvoltage 
damage. They sense an overvoltage condition and quickly “‘crow- 
bar’, or short circuit, the supply. An external capacitor may be used 
to program a minimum overvoltage duration before tripping, thus 
providing noise immunity. 

These three-terminal circuits provide a cost-effective means of 
protecting either positive or negative power supplies. The unique 
design of the MC34061/35061 eliminates trip voltage and tempera- 
ture drift errors due to SCR gate variations. 

The basic MC34061/35061 devices offer a +2% tolerance on the 
sense trip voltage. The A-suffix devices have a +1% sense trip volt- 
age specification and other key parameters have tightened limits. 
The series is available in a low-cost plastic TO-92 package, dual-in- 
line plastic or ceramic packages, and feature: 

@ Unique Three-Terminal Design 
@ SCR Gate Drive Output of 200 mA 
@ Sense Voltage of 2.5 V+1% or +2% 


@ Hysteresis of 250 mV 


THREE-TERMINAL 
PROGRAMMABLE 
OVERVOLTAGE 
SENSING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 29-02 
TO-226AA 
(TO-92) 
(MC34061,A only) 


Pin1. Vcc 
2. Drive Output 
3. Sense 


@ Wide Supply Range: 4.0V<Vcc<41V 


MAXIMUM RATINGS P1 SUFFIX 


PLASTIC DUAL-IN-LINE 
PACKAGE 
CASE 626-04 


VSense (MC34061,A only) 


lIDRV Internally 
Limited 


Operating Ambient Temperature Range 
MC34061, MC34061A 0 to +70 
MC35061, MC35061A -55 to+125 


Drive Output 
Ty | 150 
-65 to +150 


(Top View) 


U SUFFIX RS 
CERAMIC PACKAGE 
CASE 693-02 8 


1 


ORDERING INFORMATION 


Temperature 
Device Range Package 
MC35061U, AU -55 to +125°C Ceramic DIP 
MC34061P, AP 0 to +70°C Plastic TO-92 
MC34061P1, AP1 Plastic DIP 
MC34061U, AU Ceramic DIP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Vec-VpRvV = 5.0 V; Ta = Tow to Thigh [see Note 1] unless otherwise specified) 


MC35061A/34061A 
Characteristic Symbol 


Operating Voltage Range VCC-Vprv 3.0 


Sense Trip Voltage VSense 
Ta = 25°C 2.475 2.5 2.525 2.45 
2.45 2.5 2.55 2.4 ee 2. 
Regiine %/NV 
0.001 0.005 0.001 0.01 
0.001 0.01 0.001 0.02 
After Trip (VSense = 3.0 V) 
Hysteresis Voltage, Sense Pin 


Tiow to Thigh (Note 1) 
250 
Drive Output Current, ON State IDRV(on) mA 
Ty = 25°C 170 200 300 120 200 300 
Tiow to Thigh (Note 1) 100 200 350 80 200 350 
IDRV(off) mA 
0.6 0.2 0.6 1.0 
0.6 0.2 0.6 1.5 


Drive Output Current, OFF State 
0 
1.0 


Line Regulation, Vsense 
(3.0 < Vcc -Vpry < 40 V) 
Ta = 25°C 

Tiow to Thigh (Note 1) 


Input Bias Current, Sense Pin 
At Trip Point (Note 2) 


© 
N 


Vcc-Vprv = 5.0 V 
3.0V< Vcc -Vprv < 40 V 


Drive Output Current Slew Rate di/dt 
Ta = 25°C 
Drive Output Vcc Transient Rejection AIDRV(trans) 
Vcec-Vprv = OV to 15 V at dV/dt = 
200 V/uS; VSense =O V; TA = 25°C 
Propagation Delay Time (Ta = 25°C) tPLH 
500 mV Overdrive 


NOTES: 
(1) Tlow = -55°C for MC35061, MC35061A Thigh = +125°C for MC35061, MC35061A 


= O°C for MC34061, MC34061A = +70°C for MC34061, MC34061A 


oO 
i) 


(2) This specification is an engineering estimate based on design parameters, and is not tested. 


FIGURE 1 — STANDARD TEST CIRCUIT 


VSense 


Vcc - Vorv 
(3.0 V to 40 V) 


Drive 
Sense MC34061 Output 


*A1.0 uF tantalum or 10 uF electrolytic capacitor may be necessary to compensate for lead inductance when measuring 
Hysteresis Voltage. When this capacitor is used, it should be placed as close as possible to the device package. 
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FIGURE 3 — SENSE TRIP VOLTAGE 


versus TEMPERATURE 


FIGURE 2 — DRIVE CURRENT versus SENSE VOLTAGE 
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FIGURE 5 — INPUT BIAS CURRENT versus 


FIGURE 4 — OFF STATE DRIVE CURRENT 
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versus SUPPLY VOLTAGE 
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FIGURE 7 — MINIMUM Rg versus SUPPLY VOLTAGE 


FIGURE 6 — DELAY CAPACITANCE versus DELAY TIME 
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APPLICATIONS INFORMATION 


FIGURE 8 — BLOCK DIAGRAM AND 
TYPICAL APPLICATION 


+R2 


Ry 
Vtrip = 


(2.5 V) 


BASIC CIRCUIT CONFIGURATION 


Each device within the MC34061 series consists of a 2.5 
V shunt reference, a comparator with 250 mV hysteresis 
and a power output transistor. In the typical application of 
Figure 8, the voltage at the inverting input of the comparator 


Vcc R 
R1+R2 


Vcc -2.5 V. Thus, for a given (R1, R2) voltage divider, the 
comparator’s output state is a function of Vcc. The follow 
ing table applies: . 


is , while the voltage at the non-inverting input is 


Drive 
Output 


OFF State 


a MC34061 


Vout 


Drive 
Output 


Gnd 


By making the proper choice of Rj and R32, a level detector 
for any voltage within the device's operating voltage range 
may be realized. A few precautions are necessary, how- 
ever. 


Note that even in the OFF State, a minimum drive output 
current, equal to the sum of the reference and comparator 
supply currents, is available. Therefore, a means of shunt- 
ing this current away from the driven circuit is necessary. 
In the example of Figure 8, a 100 2 resistor (RG) is used, 
producing a voltage at the Drive Output of approximately 60 
mV in the OFF State. 


In the ON State the MC34061 becomes a current source 
capable of saturating to within 2.0 V of Vcc. Therefore, 
when driving a high impedance load, it may be desirable 
to clamp the drive output to at least 3.0 V below Vcc 
(Vcc-VpRV = 3.0 V) if it is important that the voltage 
reference continue to regulate. 
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FIGURE 9 — OVERVOLTAGE PROTECTION 
WITH TIME DELAY 


PROGRAMMING A MINIMUM OVERVOLTAGE 
DURATION BEFORE TRIPPING 


Atime delay may be programmed into the operation of the 
MC34061/35061 series to provide noise immunity. This 
time delay is implemented by adding a capacitor (CDLY) 
between the Vcc and Sense leads as shown in Figure 9. 
The time delay obtained by this technique is a function of 
Ry, R2, and CpLy as well as the nominal supply voltage, 
VEC(nom), and the overvoltaged supply voltage, Vcc. The 
nominal supply voltage determines the initial charge on 
Coy, while the magnitude of the overvoltage condition 
determines the rate at which Cp_y charges to the 
reference voltage, Vref = 2.5 V. Thus, foragivenR1,R2 and 
Coy, the time delay is reduced as the overvoltage is 
increased. The expression for the time delay, tpLy. is: 


R1R2CpLy 
R1+R2 


pe Vec ~ VCCi(nom) 
a Vcc - Vtrip 
where: 


R1+R2 
Vtrip ae (2.5 V) 


Output 


MC34061 


Figure 6 shows the Cp_y values versus delay time (tpLy) 
for a typical 5.0 V power supply protection circuit. The fi- 
gure also shows the change in tpLy with variations in the 
overvoltaged supply, Vcc. In this example Rj = 1.8k, R2= 
2.7 k, VCC(nom) = 5.0 V, and Virip = 6.25 V. 


THE NEED FOR A GATE RESISTOR 


For power supplies above 11 V, a gate resistor, RG, in 
series with the SCR gate is recommended to limit the power 
dissipated by the IC to approximately 2.0 W. This resistor 
will protect the MC34061/35061 in the event of a defective 
or missing SCR, while allowing the maximum drive output 
current to the gate of the SCR. Figure 7 shows the mini- 
mum recommended gate resistor, RG(min), versus the 
power supply voltage, Vcc. A larger value of RG may be 
used if less drive current is needed. — 


ETT naan 
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CROWBAR SCR CONSIDERATIONS 


Referring to Figure 10, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Cout- This capacitance 
consists of the power supply output capacitors, the load’s 
decoupling capacitors, and in the case of Figure 10A, the 
supply’s input filter capacitors. This surge current is illus- 
trated in Figure 11, and can cause SCR failure or degra- 
dation by any one‘of three mechanisms: di/dt, absolute 
peak surge, or I2t. The interrelationship of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 
difficult and expensive. Therefore, the designer must 
empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCR’s di/dt and surge capabilities simplifies this task. 


1. di/dt . 

As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
Starting as a very small region and gradually spreading. 
Since the anode current flows through this turned-on 


gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the | 
occasion. 

The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type, and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast <1.0 us rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRs of less than 50 A(RMS) rating might be 
200 A/us, assuming a gate current of five times IGT 
and< 1.0 usrise time. If having done this, a di/dt prob- 
lem is seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc- 
tance in series with the SCR, as shown in Figure 12. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


FIGURE 10 — TYPICAL CROWBAR CIRCUIT 
CONFIGURATIONS 


10A — SCR ACROSS INPUT OF REGULATOR 


10B — SCR ACROSS OUTPUT OF REGULATOR 


Regulator mr 
: — MC34061 ; 


* 


: MC34061 


* Needed if supply not current limited 
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FIGURE 11 — CROWBAR SCR SURGE CURRENT A WORD ABOUT FUSING 
WAVEFORM 


Before leaving the subject of the crowbar SCR, a few 

words about fuse protection are in order. Referring back to 
Figure 10A, it will be seen that a fuse is necessary if the 
power Supply to be protected is not output current limited. 
This fuse is not meant to prevent SCR failure but rather 
to prevent a fire! 
Surge Due to in order to protect the SCR, the fuse would have to 
Output Capacitor possess an I2t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 


Current Limited 
Supply Voltage 


Yj 


2. Surge Current 


The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 


If the peak current and/or the duration of the surge guarantee. Of course, a sufficiently high surge will cause 
is excessive, immediate destruction due to device anopen. These comments also apply to the fuse in Figure 
overheating will result. The surge capability of the SCR 10B. 


is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
— see Figure 12) to a safe level which is consistent 
with the system's requirements for speedy bus voltage 


reduction, the designer must use a higher current SCR. CROWBAR SCR SELECTION GUIDE 

This may result in the average current capability of the 

SCR exceeding the steady state current requirements As an aid in selecting an SCR for crowbar use, the 
imposed by the dc power supply. following selection guide is presented. 


PACKAGE 


FIGURE 12 — CIRCUIT ELEMENTS AFFECTING 


DEVICE 


SCR SURGE AND di/dt MCR67 Series Metal Stud 
MCR68 Series TO-220 Plastic 
2N1842 Series Metal Stud 


TO-220 Plastic 
TO-220 Plastic 
Metal Stud 
TO-3 Metal Can 
TO-220 Plastic 
Metal Stud 
Metal Stud 


Riead ltead 


2N6400 Series 
2N6504 Series 
2N681 Series 

2N2573 Series 
MCR69 Series 
MCR70O Series 
MCR71 Series 


For acomplete and detailed treatment of SCR and fuse selection 
refer to Motorola Application Note AN-789. 
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Advance Information 


PIN-PROGRAMMABLE OVERVOLTAGE ‘‘CROWBAR” 
SENSING CIRCUIT 

The MC34062/35062 overvoltage protection (OVP) circuits require 
only an external ‘‘crowbar’’ SCR to protect sensitive electronic cir- 
cuitry from overvoltage damage. They sense an overvoltage condi- 
tion and quickly “‘crowbar”’, or short circuit, the supply. An on-chip, 
tapped resistor network allows the device to be programmed for 
trip voltages ranging from 3.5 to 40 V. Each of the five programming 
pins provides one standard overvoltage trip point for nominal power 
supply voltages of 5.0, 12, 15, 24 or 28 V. Many other trip voltages 
may be programmed by interconnecting and grounding various com- 
binations of these programming pins. Tables are provided in the 
Applications Information which show connection schemes for 120 


MOTOROLA 


PIN-PROGRAMMABLE 
OVERVOLTAGE 
SENSING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


trip voltages. 

These circuits provide a cost-effective means of protecting either 
positive or negative power supplies. In addition, an external capa- 
citor may be used to program a minimum overvoltage duration before 
tripping, thus providing noise immunity. The unique design of the 
MC34062/35062 eliminates voltage and temperature drift errors 
due to SCR gate variations. 


(MC34062 only) 


il 


Note: 
Pins 4 thru 


8 are used 


to program 


6 | the Trip 


Voltage, 
Vtrip 


@ Unique Pin-Programmable Trip Voltage from 3.5 to 40 V 
@ One-Pin Programming for 5.0, 12, 15, 24 and 28 V Power Supplies 
@ SCR Gate Drive Output of 200 mA . 
@ Built-in Hysteresis Voltage 

@ Wide Supply Range: 4.0V<Vcc< 40 V 


FUNCTIONAL BLOCK DIAGRAM 


_ (Top View) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


1 


Nominal 
Power Ground | Typical 
Supply Pin Trip 
Voltage | Number | Voltage 


ORDERING INFORMATION 


Temperature 
Device Range Package 
MC35062U -55 to +125°C Ceramic DIP 
MC34062P1 0 to +70°C Plastic DIP 


MC34062U Ceramic DIP 


Pins 4 through 8 are used to program the Trip Voltage, Vtrip 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS 


[Gurren Through Any Ressorin Network | tw | 10+ ma 


Drive Output Current IDRV Internally mA 
Limited 
Operating Ambient Temperature TA °C 
0 to +70 
-55 to +125 


MC34062 
MC35062 
Storage Temperature Range -65 to +150°C 


Operating Voltage Range 


< 
a. 
vo) 


Sense Trip Voltage 
Ta = 25°C 
Tlow to Thigh | 
Line Regulation, VSense (3.0 V< Vcc - Vprv < 40 V) 
Ta = 25°C 
Tlow to Thigh 
Trip Voltage (Pin 4 = Gnd; Vppy =0 V) 
Ta = 25°C 
Tiow to Thigh 
| Hysteresis Voltage (Pin 4 = Gnd; Vppy = 0 V) 
Trip Voltage (Pin 5 = Gnd; Vpry = 0 V) 
Ta = 25°C 
Tlow to Thigh 
Hysteresis Voltage (Pin 5 = Gnd; Vppry = 0 V) 
Trip Voltage (Pin 6 = Gnd; Vppy =0 V) 
TA = 25°C 
Tow to Thigh 
Hysteresis Voltage (Pin 6 = Gnd; Vppy =0 V) 
Trip Voltage (Pin 7 = Gnd; Vpry = 0 V) 
Ta = 25°C 
Tlow to Thigh 
Hysteresis Voltage (Pin 7 = Gnd; Vpry = 0 V) 
Trip Voltage (Pin 8 = Gnd; Vpry = 0 V) 
Ta = 25°C 
Tlow to Thigh 
Hysteresis Voltage (Pin 8 = Gnd; Vppy = 0 V) 


Regline %/N 
0.001 0.01 
0.001 0.02 


: 
o|; 
i) 


DO 
o1 ® 
- © 


< 
= 
bod 
mob 
w 
NI 


< 
= 
2 

oreo 

N 


< 
> 
ca 
2 
2 
—_—_ — 
DO 
NO 
—_ — 
NN 
Ms la 
—_ — 
laa 
ome) 


< 
= 
ton 
N 
~ 
b 


Vtrip(8) 
30.9 31.9 32.9 
30.3 31.9 33.5 


Resistor Network Current at Nominal Power Supply Voltage 
Vcc = 28 V:; Vorv = 0 V; Pin 8 = Gnd 
Drive Output Current, ON State 
Ty = 25°C 
Tlow to Thigh 
Drive Output Current, OFF State 
Vcc = 5.0 V; Vpav=O0V 
3.0V<Vcc - VprRv S 40 V 


Drive Output Current Slew Rate (Ta = 25°C) 


o 
o 
Les 
oO 
3 


oO 
ee) 
< 
°o 
3 
~ on 
Ea 
NO NO 
Oo oO. 
Ww Ww 
ne oO 
o 3 3 
2 > > 


—— 
AIDRV(trans) _ 
fee 


Drive Output Vcc Transient Rejection 
Vcc =0V to 15 V at dV/dt = 200 V/s; 
Vorv =O V: Vsense = 0 V: Ta = 25°C 


Propagation Delay Time (Ta = 25°C; 500 mV Overdrive) 


Tlow = -55°C for MC35062 Thigh = +125°C for MC35062 
= 0°C for MC34062 = + 70°C for MC34062 
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FIGURE 1 — STANDARD TEST CIRCUIT 


+ 
VSense 
- Vcc 


Sense 
Drive 
Output 


Vcc - Vorv 
(3.0 V to 40 V) 


*A 1.0 pF tantalum or 

10 uF electrolytic 
VDRV capacitor may be 
necessary to compensate 
for lead inductance when 


measuring Hysteresis 

Voltage. When this 

capacitor is used, it 
— should be placed as 


MC34062 


close as possible to 
the device package. 


FIGURE 2 — DRIVE CURRENT versus NORMALIZED FIGURE 3 — NORMALIZED TRIP VOLTAGE versus 
RESISTOR DIVIDER VOLTAGE TEMPERATURE 
(Normalized to Vtrjp at Ta = 25°C) (Normalized to Ta = 25°C) 
1000 


— 


Ta = 125°C} FH Tr = -55°C 


NORMALIZED TRIP VOLTAGE 


0.80 0.84 0.88 0.92 0.96 1.0 1.04 1.08 ‘ * 
NORMALIZED VOLTAGE ACROSS RESISTOR DIVIDER Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — OFF STATE DRIVE CURRENT versus FIGURE 5 — MINIMUM Rg versus 
( SUPPLY VOLTAGE 


IDRV(off}- DRIVE OUTPUT CURRENT, OFF STATE (mA) 


LLIN EET 


Rg{min}- MINIMUM GATE RESISTOR (OHMS) 


N 


ZL 


Vcc, SUPPLY VOLTAGE (V) Vec, POWER SUPPLY VOLTAGE (V) 
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FIGURE 7 — DELAY CAPACITANCE versus DELAY TIME 


FIGURE 6 — DELAY CAPACITANCE versus DELAY TIME 
FOR NOMINAL 5.0 V POWER SUPPLY 


MC34062, MC35062 
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DELAY CAPACITANCE versus DELAY TIME 


28 V nom. 


FOR NOMINAL 12 V POWER SUPPLY 
FOR NOMINAL 24 V POWER SUPPLY 
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DELAY CAPACITANCE versus DELAY TIME 


FOR NOMINAL 28 V POWER SUPPLY 


O Vcc = 5.0 V nom. 
1.0 

O Vcc = 16 V nom. 
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FIGURE 10 — 
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FOR NOMINAL 15 V POWER SUPPLY 
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FIGURE 8 — DELAY CAPACITANCE versus DELAY TIME 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT CONFIGURATION 

The MC34062 and MC35062 each consist of a 2.5 V 
shunt reference, a comparator with built-in hysteresis, 
a power output transistor, and an on-chip, tapped resistor 
network. In the typical application of Figure 11 the volt- 

Pony _ Vcc R2 

age at the inverting input of the comparator is ————, 
R1+R2 


while the voltage at the non-inverting inputis Vcc -2.5V. 
Thus, for a given (R1, RQ) voltage divider, the compara- 
tor’s output state is a function of Vcc. The following table 


applies: 
put 


4 thru 8 


Programming Pins 


Many other trip voltages may be programmed by 
interconnecting and grounding various combinations 
of the programming pins. Table 1 provides connection 
schemes for 120 nominal Trip Voltages (Vtrip). 
Additional Trip Voltages may also be implemented with 
other pin connections. All of these Trip Voltages will be 
within +3.0% of the nominal value at Ta = 25°C and with- 
in +5.0% over the operating temperature range. 

The hysteresis built into the comparator is 250 mV at 
the inverting input. This comparator hysteresis voltage is 

R7+RQ 
multiplied by the ratio = ,justas the 2.5 V Sense Trip 
1 
Voltage (VSense) is multiplied by the same ratio to define 
the Trip Voltage (Vtrip). Thus, the Hysteresis Voltage (VH) is 
approximately 10% of the Trip Voltage for any Trip Voltage. 


By making the proper choice of R1 and R9, a level 
detector for any voltage from 3.5 to 40 V may be 
realized. 

The on-chip resistor network is configured as shown 
in the Functional Block Diagram on the front page of 
this data sheet. Each of the five programming pins (4 
through 8) provides one standard overvoltage trip point 


_ for nominal power supply voltages of 5.0, 12, 15, 24 or 


28 V. These standard trip points are implemented by 
grounding one of the five programming pins, and are 
summarized in the following table: 


Nominal 
Power Ground | Typical 
Supply Pin Trip 
Voltage Number | Voltage 


Output 


Some precautions are necessary in the operation of the » 
protection circuit shown in Figure 11. Note that even in 
the OFF State, a minimum drive output current, equal to 
the sum of the reference and comparator supply currents, 
is available. Therefore, a means of shunting this current 
away from the driven circuit is necessary. In the example 
of Figure 11; a 100 © resistor (RGK) is used, producing a 
voltage at the Drive Output of approximately 60 mV in the 
OFF State. 

In the ON State the MC34062 becomes a current source 
capable of saturating to within 2.0 V of Vcc. Therefore, 
when driving a high impedance load, it may be desirable 
to clamp the drive output to at least 3.0 V below Vcc 
(Vcc - VoRvV 2 3.0 V) if it is important that the reference 
continue to regulate. 


a eS ee ee eer 
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PROGRAMMING A MINIMUM OVERVOLTAGE 
DURATION BEFORE TRIPPING 

A time delay may be programmed into the operation of 
the MC34062/35062 to provide noise immunity. This 
time delay is implemented by adding a capacitor (CpLy) 
between the Vcc and Sense leads as shown in Figure 12. 
The time delay obtained by this technique is a function of 
the internal resistors (Rj, R2) and Cp_y, as well as the 
nominal supply voltage, VCC(nom). and the overvoltaged 
supply voltage Vcc. The nominal supply voltage deter- 
mines the initial charge on Cpiy, while the magnitude of 
the overvoltage condition determines the rate at which 
Cp_y charges to the reference voltage, Vref = 2.5.V. Thus, 
for a given R1, R2 and Cp_y, the time delay is reduced as 
the overvoltage is increased. The expression for the time 
delay, tpLy is: 


ae R1 R2 CDLY Vcc - VCC(nom) 
R71 +R2 Vcc - Vtrip 
R1+R2 
where: Vtrip = seer V) 
1 


Figures 6 through 10 show the Cp_y values versus 
delay time (tp_y) for nominal 5.0, 12, 15, 24 and 28 V 
power supply protection.circuits, each using a one-pin 
MC34062/35062 programming scheme. These figures 
also show the change in tp y with variations in the over- 
voltaged supply, Vcc. 


THE NEED FOR A GATE RESISTOR 

For power supplies above 11 V, a gate resistor, RG, in 
series with the SCR gate is recommended to limit the 
power dissipated by the IC to approximately 2.0 W. This 
resistor will protect the MC34062/35062 in the event 
of a defective or missing SCR, while allowing the maxi- 
mum drive output current to the gate of the SCR. Figure 5 
shows the minimum recommended gate resistor, RG(min), 
versus the power supply voltage, Vcc. A larger value of Rg 
may be used if less drive current is needed. 


FIGURE 12 — OVERVOLTAGE PROTECTION WITH 
TIME DELAY 


Drive 
Output 


MC34062 


() Programming 


eer LL 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-267 


MC34062, MC35062 


TABLE 1 — PIN-PROGRAMMING OF RESISTOR NETWORK FOR NOMINAL TRIP VOLTAGES. 


ae) 
Cc 


Gnd 
a 
sd 

Gnd 


me) 

Cc 
Tb uo) ne) ne) Ze} 
Cc c Cc Cc 


Gn 


7.298 
7.347 


Gn 


Gnd 


Gn 


[Dye ee 
Gnd 
Poe ed 


Gnd 
Gnd 
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TABLE 1 — (Continued) 


Oo 


SS 
Gnd aa 12.800 
nn 


Gnd 


Gnd 


me] 
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TABLE 1 — (Continued) 


© 
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CROWBAR SCR CONSIDERATIONS 


Referring to Figure 13, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Coyt. This capacitance 
consists of the power supply output capacitors, the load’s 
decoupling capacitors, and in the case of Figure 13A, the 
supply’s input filter capacitors. This surge current is illus- 
trated in Figure 14, and can cause SCR failure or degra- 
dation by any one of three mechanisms: di/dt, absolute 
peak surge, or I2t. The interrelationship of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 
difficult and expensive. Therefore, the designer must 
empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCR’s di/dt and surge capabilities simplifies this task. 


1. di/dt 


As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very small region and gradually spreading. 


Since the anode current flows through this turned-on 
gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the 
occasion. 

The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type, and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast <1.0 ys rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRs of less than 50 A(RMS) rating might be 
200 A/us, assuming a gate current of five times IGT 
and< 1.0 ys rise time. If having done this, a di/dt prob- 
lem is seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc- 


‘tance in series with the SCR, as shown in Figure 15. 


Of course, this reduces the circuit’s ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


FIGURE 13 — TYPICAL CROWBAR CIRCUIT 
CONFIGURATIONS 


13A — SCR ACROSS INPUT OF REGULATOR 


Series 


Regulator | 
MC34062 


Series 


Regulator 


MC34062 


*Needed if supply not current limited 
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FIGURE 14 — CROWBAR SCR SURGE CURRENT | A WORD ABOUT FUSING 
, WAVEFORM 


Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring back to 
Figure 13A, it will be seen that a fuse is necessary if the 
power Supply to be protected is not output current limited. 
This fuse is not meant to prevent SCR failure but rather 
to prevent a fire! 

In order to protect the SCR, the fuse would have to 
Surge Due to possess an /2t rating less than that of the SCR and yet 


Vix 
— pj 

dt 
Y Output Capacitor have a high enough continuous current rating to survive 
YW, normal supply output currents. In addition, it must be 
yy | 4 capable of successfully clearing the high short circuit 
2 Current Limited currents from the supply. Such a fuse as this is quite 

Supply Output expensive, and may not even be available. 

The usual design compromise then is to use a garden 
UY variety fuse (3AG or 3AB style) which cannot be relied on 


to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 


: f in Fi 
2. Surge Current oot These comments also apply to the fuse in Figure 


If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device 
overheating will result. The surge capability of the SCR: CROWBAR SCR SELECTION GUIDE 
is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
— see Figure 15) to a safe level which is consistent 
with the system’s requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 
This may result in the average current capability of the 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


| vevice | tams| trsm | PACKAGE _ 


SCR exceeding the steady state current requirements MCR67 Series Metal Stud 
imposed by the dc power supply. MCR68 Series TO-220 Plastic 
2N1842 Series Metal Stud 


2N6400 Series 
2N6504 Series 
2N681 Series 

2N2573 Series 
MCR69 Series 
MCR7O Series 
- MCR71 Series 


Output For acomplete and detailed treatment of SCR and fuse selection 
Cap refer to Motorola Application Note AN-789. 


TO-220 Plastic 
TO-220 Plastic 
Metal Stud 
TO-3 Metal Can 
TO-220 Plastic 
Metal Stud 
Metal Stud 


FIGURE 15 — CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 
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Advance Information 


DC TO DC CONVERTER 
CONTROL CIRCUITS 

The MC34063 Series is a monolithic control circuit containing 
the primary functions required for dc-to-dc converters. The device 
consists of an internal temperature compensated reference, com- 
parator, controlled duty cycle oscillator with an active current limit 
circuit, driver and high current output switch. This series was 
specifically designed to be incorporated in Step-Down (Buck) and 
Step-Up (Boost) applications with a minimum number of external 
components. 
@ Operation from 2.5 V to 40 V Input 
@ Low Standby Current 
@ Current Limiting | 
e@ Output Switch Current of 1.5A 
@ Output Voltage Adjustable from 1.25 to 40 V 


@ Frequency Operation from 100 Hz to 100 kHz 


FUNCTIONAL BLOCK DIAGRAM 


Drive Switch 
Collector Collector 


Switch 
Emitter 


Oscillator oT 


Timing 


Comparator Capacitor 


1.25 V 
Reference 
Regulator 


Comparator 
Inverting 
Input 


MC34063 
MC35063 
MC33063 


DC TO DC CONVERTER 
CONTROL CIRCUITS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


U SUFFIX NR 
CERAMIC PACKAGE x 


CASE 693-02 ‘ 


1 


PIN CONNECTIONS 


Switch 


~ Collector 


Switch 
7 | Ipk Sense 
Emitter 7 \'p 


Timing 
Capacitor 
Comparator 
Inverting 
Input 


(Top View) . 


~ ORDERING INFORMATION 


: Temperature 
~ Device Range — Package 
Mc35063U | -55 to + 125°C 


MC33063U *, Ceramic DIP 
_-40 to +85°C 
MC33063P1 ‘ | Plastic DIP 


MC34063U . Ceramic DIP 
0 to +70°C 
MC34063P1 Plastic DIP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-273 


MC34063, MC35063, MC33063 


MAXIMUM RATINGS ) 


[Rating | Symbot | Value 
Power Supply Voltage | vec | | Ve 
Comparator Input Voltage Range -0.3 to +40 

ISw 


Switch Emitter Voltage VE(switch) 


Switch Collector Voltage VC(switch) | 40] de 
Switch Collector to Emitter Voltage VCE(switch) | 40 de 


Vde 
Vde 
Vdc 
Vdc 
Vdc 


Driver Collector Voltage VCidriver) 


Switch Current 


Power Dissipation and Thermal Characteristics 
Ceramic Package 
Ta = +25°C 
Derate above Ta = +25°C 
Plastic Package 
Ta = +25°C 
Derate above Ta = +25°C 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
MC35063 


~55 to +125 
MC33063 ~40 to +85 
MC34063 0 to +70 


Storage Temperature Range . -65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V; Ta = Tiow to Thigh [Note 1] unless otherwise specified.) 


Characteristic | Symbot_| min | typ | Max | Unit | 


Charging Current (5.0 V < Vcc < 40 V, Ta = 25°C) 


Discharge current (5.0 V < Vcc < 40 V; Ta = 25°C) 150 | 200 | 250 | pA | 
Voltage Swing (Ta = 25°C) | | Voss | — | 05 | — [| Vo | 
Discharge to Charge Current Ratio (Inkisense) = VCC TA = 25°C) Idischglchg | —~ | 60 | — | — | 


Saturation Voltage, Darlington Connection 


rool al Mal a 
Isw_= 1.0 A; Ve(driver) = VC(switch) 

Saturation Voltage | . VCE(sat) 0.7 V 
Isw = 1.0 A; Ic(driver) = 50 mA, (Forced B ~ 20) 

on WBE Rol al ak 


Isw = 1.0A; Vce = 5.0 V; Ta = 25°C 

| Collector Off-State Current (Vce = 40VsTa= 25) | cto) =| ~— | to | — | na | 
COMPARATOR 

[Threshold Voltage th tt | |g |v 


| Threshold Voltage Line Regulation (30V<Vcc<40V) ss | Regine | — | 0.04 | 02 | mvv_ 
[Input Bias Current Vin= OV) | | 40 | 400 | A _ 
TOTAL DEVICE 
Supply Current 
5.0 V < Vcc < 40 V, Cr = 0.001 uF 


Ipk(sense) = Vcc. V pin 5 > Vth, 
Pin 2 = Gnd, Remaining pins open 


OSCILLATOR 


Current Limit Sense Voltage 
Ichg = 'dischg TA = 25°C 


OUTPUT SWITCH (Note 2) 


NOTES: 
1. Tlow = —55°C for MC35063 Thigh = +125°C for MC35063 2. Output switch tests are performed under pulsed conditions 
— 40°C for MC33063 +85°C for MC33063 to minimize power dissipation. 


0°C for MC34063 +70°C for MC34063 
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FIGURE 2 — STANDBY SUPPLY CURRENT 


FIGURE 1 — OUTPUT SWITCH ON-OFF TIME 


versus SUPPLY VOLTAGE 


versus OSCILLATOR TIMING 
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a8 oom Ones 1 1 Oe STG 

eae 5 LT PNT TT 

HS 3° CNT 
c 

he Bel UT TT NUT TTT 

| SasCiie INIT 


UT Y TINT LT 
N : 
So oOo 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


versus COLLECTOR CURRENT 


OUTPUT SWITCH SATURATION VOLTAGE 
= Vcc 


Pins 2,3,5 = Gnd 


Pin 7 


FIGURE 4 — COMMON-EMITTER CONFIGURATION 


See El seals 
BEER ESRERERES 
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FIGURE 3 — EMITTER-FOLLOWER CONFIGURATION 
OUTPUT SWITCH SATURATION VOLTAGE 
versus EMITTER CURRENT 
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Ic, COLLECTOR CURRENT (AMPS) 


le, EMITTER CURRENT (AMPS) 
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FIGURE 5 — STEP-DOWN CONVERTER 


Vout 
5.0 V/500 mA 


| Conditions 
Vin = 25 V, lo = 50 to 500 mA 


FIGURE 6 — EXTERNAL CURRENT BOOST CONNECTIONS 
FOR Ic PEAK GREATER THAN 1.5 A 


6A — EXTERNAL NPN SWITCH 
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FIGURE 7 — STEP-UP CONVERTER 


Vout 
© 28 V/175 mA 


in = 12V, lo = 175 mA 


FIGURE 8 — EXTERNAL CURRENT BOOST CONNECTIONS 
FOR Ic PEAK GREATER THAN 1.5 A 


8A — EXTERNAL NPN SWITCH 8B — EXTERNAL NPN SATURATED SWITCH 


R — 0 for 
constant Vjn. 
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s FIGURE 9 — DESIGN FORMULA TABLE 


| __—sCalculation =|) sStepDown | stopp sd 
ton Vout + VE Vout + VE — Vin(min) 
loff | Vin(max) a Vsat - Vout Vin(min) _ Vsat 
1 = 1 
(ton + tofflmax : tae fin 
min min 
: 


4X 10-5 ton 4X 10-5 ton 


. ton tt 
lpk(switch) 2lout(max) 2lout(max) [ton tort 


0.33/lpk switch) 0.33/lpk switch) 


(Yintmaxt_— Ysat_— Vout max) — Vsat_~ V A! )tontmani (Yin min) — Vs ‘ton (max) 
lbk(switch). lpk(switch) 
lok(switch) (ton + toff) ~ lout ton 
8 Vripple(p Vripple 


Ds 


Vsat = Saturation voltage of the output switch. 
Ve = Forward voltage drop of the ringback rectifier. 


The following power supply characteristics must be chosen: 
Vin — Nominal input voltage. If this voltage is not constant, then use Vin(max) for step-down and Vjn(min) for step- 
up converter. 
: R 
Vout — Desired output voltage, Voyt = 1.25 (: + Ra) 
‘lout — Desired output current. 

fmin — Minimum desired output switching frequency at the selected values for Vip, and Io. 

Vripple(p-p) — Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased 
due to the capacitor’s equivalent series resistance and board layout. The ripple voltage should be 
kept to a low value since it will directly effect the line and load regulation. 
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PULSE WIDTH MODULATOR CONTROL CIRCUITS 


PULSE WIDTH MODULATOR 


The SG1525A/1527A series of pulse width modulator control- CONTROL CIRCUITS 


circuits offer improved performance and lower external parts count 
when implemented for controlling all types of switching power 
supplies. The device includes a +5.1 volt +1% reference and an 
error amplifier with a common-mode range including the reference 
voltage to eliminate external divider resistors. A sync input to the 
oscillator enables multiple units to be slaved together, or a single 
unit can be synchronized to an external system clock. A wide range 
of dead time is programmable with a single resistor between the 
CT pin and the Discharge pin. Other features included are soft-start 
circuitry requiring only an external timing capacitor. Ashutdown pin 
controls both the soft-start circuitry and the output stages, allowing 
fast output turn-off with soft-start recycle turn-on. Undervoltage 
lockout keeps the outputs off when Vcc is less than the required 
level for normal operation. The output stages are a totem-pole 
design capable of sinking and sourcing in excess of 200 mA. The 
SG1525A series output stage features NOR Logic, giving a low 
output for an off state. The SG1527A utilizes OR Logic which results 
in a high output level when off. These devices are available in 
Military, Industrial and Commercial temperature ranges and feature: 


@ 8.0 to 35 Volt Operation 
5.1 Volt +1% Trimmed Reference 
100 Hz to 400 kHz Oscillator Range 
Separate Oscillator Sync Pin 
Adjustable Dead Time 
Input Undervoltage Lockout 
Latching PWM to Prevent Multiple Pulses 
Dual Source/Sink Output Current: +400 mA Peak 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 
6 
1 


CASE 648-05 


1 
N SUFFIX 
\ PLASTIC PACKAGE 
16 
1 


PIN CONNECTIONS 


INV. Input | 1 | 


Output A 
Discharge Shutdown 


Soft-Start 8 | | 9 Compensation 


FUNCTIONAL BLOCK DIAGRAM 


Vref (16) 


To 
Vec 65) Reference iaiernat Under 
Regulator Voltage 


Circuitr OutputA 
Ground(12) Lockout 6) | | 


OSC Output (4) = 


Sync es 

Rr ca Oscillator oH . @ 

< it Output B 
cr) ia 

Discharge (7) 


Compensation (9) 
INV. Input Game ee 


N.I. Input (2 


(Top View) 
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ORDERING INFORMATION 


Junction 
Temperature 
Device Range Package 
$G1525AJ —55 to + 150°C | Ceramic DIP 
$G1527AJ —55 to + 150°C | Ceramic DIP 


! SG2525AJ ~25 to + 150°C | Ceramic DIP 
Soft-Start (8) OutputB | SG2525AN 25 to +150°C | Plastic DIP 
S$G2527AJ —25 to + 150°C | Ceramic DIP 


$G2527AN —25 to + 150°C | Plastic DIP 


Shutdown (10) 


SG3525AJ Oto +125°C |Ceramic DIP 
SG3525AN _ Oto +125°C | Plastic DIP 
SG3527AJ 0 to +125°C | Ceramic DIP 


SG3527AN 0 to +125°C_ | Plastic DIP 
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MAXIMUM RATINGS (Note 1) 


Supply Voltage 


OT 
Fanaioginpute——SSSCS~C~“~“‘“~*~“‘“‘“‘“~*dCSSCSdY 
FOuiput Curent, SoueearSine————~SCSC~“~*~*~“~*~*~sCSSCSC YOO 


Power Dissipation (Plastic & Ceramic Package) 
Note 2, Ta = +25°C 
Note 3, Tc = +25°C 


Thermal Resistance Junction to Air RaJA 
Plastic and Ceramic Package 
Thermal Resistance Junction to Case Resc °C/W 
Plastic and Ceramic Package 
Storage Temperature Range Ceramic Package Tstg -65 to +150 °C 
Plastic Package -55 to +125 
Lead Temperature (Soldering, 10 Seconds) TSolder 


NOTES: 
1. Values beyond which damage may occur 
2. Derate at 10 mW/°C for ambient temperatures above +50°C 
3. Derate at 16 mW/°C for case temperatures above +25°C 


RECOMMENDED OPERATING CONDITIONS 


Collector Supply Voltage +35 Vdc 


Output Sink/Source Current 
(Steady State) 
(Peak) 


Reference Load Current 


Deadtime Resistor Range 


Operating Junction Temperature Range 
$G1525A, SG1527A 
$G2525A, SG2527A 

$G3525A, SG3527A 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-280 


$G1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 


ELECTRICAL CHARACTERISTICS (Vcc = +20 Vde, Ty = Tlow to Thigh [Note 4], unless otherwise specified) 


S$G1525A/2525A 
SG1527A/2527A 


Characteristic Symbol |} Min | Typ | 


REFERENCE SECTION 


SG3525A 
SG3527A 


yp 


3 


O 5.10 Vdc 


20 


3 


Load Regulation (O mA< It < 20 mA) . 


3 
< 


i) 
oO 
on 
oO 
N =|: 
oO 


Temperature Stability 


Total Output Variation Vdc 
Includes Line and Load Regulation 


over Temperature 


~) 
Oo 
on o 
. o ol . 
N N 
3 
< 


) 
o 
3 


Short Circuit Current 
(Vref = OV, Ty = +25°C) 


Output Noise Voltage 
(10 Hz<f < 10.kHz, Ty = +25°C) 


Long Term Stability (Ty = +125°C) (Note 5) 


40 


20 


No 
eo) 


ay 


oa 
s 


N 
fo) 
oO 


ol 
s 


Initial Accuracy (Ty = +25°C) 


Frequency Stability with Voltage Afosc +0.3 +1.0 +1.0 +20 % 
(+*8.0V < Voc < +35 V) ; AVcc 


Frequency Stability with Temperature Afosc eal +3.0 +6.0 
AT 


Minimum Frequency (RT = 150 kQ, Cy = 0.2 uF) fmin | — | 


esd 
poe 
Maximum Frequency (RT7 = 2.0 kO, CT = 1.0 nF) 400 po | 
es 
eal 
ed 
Led 


100 


a 
fee i | 
Pee Cas. 


Clock Width (Ty = +25°C) 
Sync Threshold 


Sync Input Current (Sync Voltage = +3.5 V) 


2.5 


ERROR AMPLIFIER SECTION (Vc = t5.1 V) 


Input Offset Voltage 5.0 


Rea kets So 
Input Offset Current | tio =| | 
Low Level Output Voltage . VOL — 
(+1.5V<Vom <t5.2 V) - 

Power Supply Rejection Ratio 50 
(+8.0 V<Vcec < +35 V) ; 


PWM COMPARATOR SECTION 
Minimum Duty Cycle 


NSN 
on 


~N 
oa 


1°) . 
N 


3) 
je) 


ees a Wem 
oa one 
oa 
oo 
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ELECTRICAL CHARACTERISTICS (Continued) 


SG1525A/2525A 
S$G1527A/2527A 


Characteristic 


SG3525A 
SG3527A 


SOFT-START SECTION 
Soft-Start Current (Vshutdown = 9 V) 


OUTPUT DRIVERS (Each Output, Vcc = +20 V) 
Output Low Level 


Output High Level 
(Isource = 20 mA) 
(source = 100 mA) 


Rise Time (Cy = 1.0 nF, Ty = 25°C) 
Fall Time (CL = 1.0 nF, Ty = 25°C) 


Shutdown Delay 
(VSp = +3.0 V, Cg = 0, Ty = +25°C) 


4. Tlow = —55°C for SG1525A/1527A 
—25°C for SG2525A/2527A 
0°C for SG3525A/3527A 


Thigh = + 150°C for SG1525A/1527A 
+ 150°C for SG2525A/2527A 
+ 125°C for SG3525A/3527A 


VOL 
Under Voltage Lockout (V8 and V9 = High) 
tr 
tf 
tds 
cc 


Collector Leakage, Vc = +35 V (Note 7) IC(leak) 


Supply Current, (Vcc = +35 V) 


Typ 


N 
i.e) 
io) 


0.5 


o 

N 
N 
Be 


5. Since long term stability cannot be measured on each device before shipment, this specification is an engineering estimate of average stability 


from lot to lot. 
6 Tested at fosc = 40 kHz (RT = 3.6 kON, CT = 0.01 wF, Rp = 02). 


7. Applies to $G1525A/2525A/3525A only, due to polarity of output pulses. 


APPLICATION INFORMATION 


Shutdown Options (see block diagram, front page) 


1. An external open collector comparator or transistor 
can be used to pull down the Compensation pin (9). 
This will set the PWM latch and turn off both outputs. 
Pulse-by-pulse protection can be accomplished if the 
shutdown signal is momentary, since the PWM latch 
will be reset with each clock pulse. 


2. Shutdown can also be accomplished by pulling down 
on the SOFT-START pin (8). When using this approach, 
shutdown will not affect the amplifier compensation 
network; however, ifa SOFT-START capacitor is used, 
it must be discharged, possible slowing shutdown 
response. 


3. Applying a positive-going signal to the Shutdown pin 


(10) will provide the most rapid shutdown of the out- 
puts if a soft-start Capacitor is not used at Pin 8. An 
external soft-start capacitor at Pin 8 will slow shut- 
down response due to the discharge time of the soft- 
start capacitor. Dishcarge current is approximately 
twice the charging current. 


. The Shutdown terminal can be used to set the PWM 


latch on a pulse-by-pulse basis if there is no external 
capacitance on Pin 8. Soft-start characteristics may 
still be accomplished by applying an external capaci- 
tor, blocking diode and charging resistor to the Com- 
pensation pin (9). 
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Rp. DEAD TIME RESISTOR ((Q) 


Avo. VOLTAGE GAIN (dB) 


TYPICAL CHARACTERISTICS 


FIGURE 1 — S$G1525A OSCILLATOR SCHEMATIC 
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To Output 


aS > UC 
ync 

5.0 pF 
Discharge ey 


OSC Output 


FIGURE 3 — OSCILLATOR DISCHARGE TIME versus Rp 
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FIGURE 5 — ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 


f, FREQUENCY (Hz) 


FIGURE 2 — OSCILLATOR CHARGE TIME versus RT 
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FIGURE 4 — $G1525A ERROR AMPLIFIER SCHEMATIC 


TO PWM 
Comparator 


FIGURE 6 — SG1525A OUTPUT CIRCUIT 
(1/2 CIRCUIT SHOWN) 


Output 


Q6 Omitted 
in SG1527A 
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FIGURE 7 — $G1525A/2525A/3525A 
OUTPUT SATURATION CHARACTERISTICS 


S as 
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FIGURE 8 — SINGLE ENDED SUPPLY 


O 
+Vsupply To Output Filter 


For single-ended supplies, the driver outputs are grounded. In conventional push-pull bipolar designs, forward base 
The Vc terminal is switched to ground by the totem-pole drive is controlled by R1-R3. Rapid turn-off times for the 
source transistors on alternate oscillator cycles. power devices are achieved with speed-up capacitors C1 
and C2. 
FIGURE 10 — DRIVING POWER FETS FIGURE 11 — DRIVING TRANSFORMERS INA 


HALF-BRIDGE CONFIGURATION _. 


*Vsupply 


The low source impedance of the output drivers provides Low power transformers can be driven directly by the SG1525A. 
rapid charging of power FET input capacitance while mini- Automatic reset occurs during deadtime, when both ends of the 
mizing external components. primary winding are switched to ground. 
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FIGURE 12 — LAB TEST FIXTURE 
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$G1526 


$G2526 MOTOROLA 
$G3526 


PULSE WIDTH MODULATION CONTROL CIRCUIT 


The SG1526 is a high performance pulse width modulator inte- 
grated circuit intended for fixed frequency switching regulators and 
other power control applications. 

Functions included in this IC are a temperature compensated 
voltage reference, sawtooth oscillator, error amplifier, pulse width 
modulator, pulse metering and steering logic, and two high current 
totem pole outputs ideally suited for driving the capacitance of power 
FETs at high speeds. , . 

Additional protective features include soft-start and undervoltage 
lockout, digital current limiting, double pulse inhibit, adjustable dead 
time and a data latch for single pulse metering. All digital control 
ports are TTL and B-series CMOS compatible. Active low logic design 
allows easy wired-OR connections for maximum flexibility. The 
versatility of this device enables!implementation in single-ended 
or push-pull switching regulators that are transformerless or trans- 
former coupled. The $SG1526 is specified over the full military junc- 
tion temperature range of -55°C to+150°C. The SG2526 is specified 
over a junction temperature range of -40°C to +150°C while the 
SG3526 is specified over a range of O°C to +125°C. 


@ 8.0 to 35 Volt Operation 

5.0 Volt +1% Trimmed Reference 

1.0 Hz to 400 kHz Oscillator Range 

Dual Source/Sink Current Outputs: +100 mA 
Digital Current Limiting 


PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


N SUFFIX 
PLASTIC PACKAGE 
CASE 707-02 


JSUFFIX 
CERAMIC PACKAGE 
CASE 726-01 


PIN CONNECTIONS 


Programmable Dead Time ee 


Undervoltage Lockout 
; : ~ Erro 
Single Pulse Metering boc 
Programmable Soft-Start Output B 


Wide Current Limit Common Mode Range 
Ground 


Guaranteed 6 Unit Synchronization 
Vc 


Output A 
BLOCK DIAGRAM 


Sync 
Under- 


Voltage 


Lockout Rdeadtime 


To Internal 
Circuitry 


(Top View) 


emory Toggle 


So 
Om ae F/F OF /F 
Compensation (3) 


Metering 
F/F 


ORDERING INFORMATION 


Junction Temper 
Device ature Range Package 


$G1526J -55 to +150°C Ceramic DIP 
$G2526J -40 to +150°C Ceramic DIP 
SG2526N Plastic DIP 
S$G3526J Oto +125°C Ceramic DIP 
SG3526N Plastic DIP 
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MAXIMUM RATINGS (Note 1) 


Rating 
Supply Voltage 
Collector Supply Voltage +40 
Logic Inputs -0.3 to +5.5 
Analog Inputs -0.3 toVcc 
Output Current, Source or Sink +200 
Reference Output Current 50 
Logic Sink Current 15 


Power Dissipation (Plastic & Ceramic Package) 
Note 2, Ta =+25°C 
Note 3, Tc =+25°C 


Thermal Resistance Junction to Air RgJjA 
(Plastic and Ceramic Package) 


Thermal Resistance Junction to Case RgJC 42 
(Plastic and Ceramic Package) 


Operating Junction Temperature Ty +150 


Storage Temperature Range Tstg -65 to +150 


Lead Temperature (Soldering, 10 Seconds) TSolder 


Notes: 
1. Values beyond which damage may occur 
2. Derate at 10 mW/°C for ambient temperatures above +50°C 
3. Derate at 24 mW/°C for case temperatures above +25°C 


RECOMMENDED OPERATING CONDITIONS 


Characteristic S 


Supply Voltage 
Collector Supply Voltage 


Output Sink/Source Current (Each Output) 


Reference Load Current 


Oscillator Frequency Range 


Oscillator Timing Resistor 


Oscillator Timing Capacitor 


Available Deadtime Range (40 kHz) 


Operating Junction Temperature Range 
$G1526 
$G2526 
$G3526 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Ty = Tow to Thigh [Note 4] unless otherwise specified) 


Ch teristi poner ee S$G1526/2526 S$G3526 init 
aracteristic mbo 
. Min Typ Max | Min | Typ Max - 


REFERENCE SECTION (Note 5) 


Load Regulation, O mA<|, <20mA 


Temperature Stability 


Total Reference Output Voltage Variation 
(*8.0V< Vcc < +35 V,O MAS IL < 20 mA) 


Short Circuit Current 
(Vref =O V) 


UNDERVOLTAGE LOCKOUT 


Reset Output Voltage 
(Vref = +3.8 V) 


Reset Output Voltage 
(Vref = +4.8 V) 


OSCILLATOR SECTION (Note 6) 


Initial Accuracy (Ty = +25°C) 


ee ee 


_ +3.0 
mee 
= 7.0 


Frequency Stability over Temperature Afosc 10 = 3.0 5.0 % 
(ATY = Tlow to Thigh) ATJ 

Minimum Frequency fmin = sare 1.0 os _ 1.0 Hz 
(Rp = 150k 0, CT = 20 wF) 


Maximum Frequency f max 400 400 — — kHz 
(Rt = 2.0 kO, CT = 0.001 pF) 

Sawtooth Peak Voltage Vosc(P) 3.0 3:5 = 3.0 3.5 V 
(Vcc = +35 V) 

Sawtooth Valley Voltage Vosc(V) 0.5 1.0 — 0.5 1.0 — V 
(Vcc = +8.0 V) 


ERROR AMPLIFIER SECTION (Note 7) 


input Offset Voltage 
(Rg < 2.0 kf) 


Input Bias Current — 1000 — 350 — 2000 
200 


ae 


(Ry > 10 MQ) 


High Output Voltage 
(VPin 1-VPin 2 2 +150 MV, Isource = 100 nA) 


Low Output Voltage 
(VPin 2-VPin 1 2 +150 mV, Isink = 100 yA) 


Power Supply Rejection Ratio 
(112 V< Vcc < +18 V) 


Minimum Duty Cycle 


(Vcompensation = +0.4 V) 
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ELECTRICAL CHARACTERISTICS (Continued) 


$G1526/2526 


ee 


Output Voltage — High Logic Level VOH 
(lsource = 40 #A) 
Output Voltage — Low Logic Level VOL 
Input Current — High Logic Level WH -125 -200 -125 -200 uA 
(Vip = +2.4 V) 
Input Current — Low Logic Level Ne ~225 -360 -225 | -360 pA 
(Vit = +0.4 V) 


Input Bias Current 
SOFT-START SECTION 


Error Clamp Voltage 
(Reset = +0.4 V) 


CSoft-Start Charging Current 
(Reset = +2.4 V) 


OUTPUT DRIVERS 
(Each Output, Vc = +15 Vdc unless otherwise specified) 


Output High Level 
Isource = 20 mA 
lsource = 100 mA 

Output Low Level 
Isink = 20 MA 
Isink = 100 mA 


VOH 
VOL 
Collector Leakage, Vc = +40 V IC(leak) 
Rise Time (Ci = 1000 pF) tr 


Fall Time (Cy = 1000 pF) 


Supply Current 


(Shutdown = +0.4 V, Vcc = +35 V, 
Ry = 4.12 kQ) 


Notes: 
4. Tigw = -85°C for SG1526 
-~40°C for SG2526 
O°C for SG3526 
Thigh = +150°C for SG1526/2526 
+125°C for SG3526 
5. | = O mA unless otherwise noted. 
6. foge = 40 kHz (Rp = 4.12 kN +1%, 
Cy = 0.01 pF 41%, Rp = 01) 
7.0V<Vom St5.2V 
8.0V<Veoms<ti2V 


i ee EEE ee 
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TYPICAL CHARACTERISTICS 


FIGURE 1 — SG1526 REFERENCE STABILITY FIGURE 2 — REFERENCE VOLTAGE ASA 
FUNCTION SUPPLY VOLTAGE 


Vref. REFERENCE VOLTAGE (V) 


1.0 2.0 3.0 405.0 10 20 30 40 
Ty, JUNCTION TEMPERATURE (°C) Vcc, SUPPLY VOLTAGE (V) 
FIGURE 3 — ERROR AMPLIFIER OPEN LOOP FIGURE 4 — CURRENT LIMIT 
FREQUENCY RESPONSE COMPARATOR THRESHOLD 
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Th 


10 100 1.0K 10 K 100 K 10M 10M 25 50 75 100 125 150 175 = 200 
f, FREQUENCY (Hz) DIFFERENTIAL INPUT VOLTAGE (mV) 
FIGURE 5 — UNDERVOLTAGE LOCKOUT FIGURE 6 — OUTPUT DRIVER SATURATION 
CHARACTERISTIC VOLTAGE AS A FUNCTION OF SINK CURRENT 
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RESET VOLTAGE (V) 
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Vref. REFERENCE VOLTAGE (V) OUTPUT DRIVER SINK CURRENT (mA) 
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FIGURE 7 — Vc SATURATION VOLTAGE AS A FIGURE 8 — SG1526 OSCILLATOR PERIOD 
FUNCTION OF SINK CURRENT 
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FIGURE 9 — OUTPUT DEADTIME AS A FIGURE 10 — SG1526 ERROR AMPLIFIER 
FUNCTION OF DEADTIME RESISTOR VALUE 
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FIGURE 11 — SG1526 UNDERVOLTAGE LOCKOUT 


— Error + Error 


Vref 


FIGURE 12 — SG1526 PULSE PROCESSING LOGIC 


To Reset Memory — 


F/F 
To Driver A caren 
To Driver B Sync 


1.2V 
Bandgap 


Reference PWM 


Metering 
= aaa Al 


The metering FLIP-FLOP is an asynchronous 
data latch which suppresses high frequency 
oscillations by allowing only one PWM pulse 
per oscillator cycle. 

The memory FLIP-FLOP prevents double pul- 
sing in a push-pull configuration by remem- 
bering which output produced the last pulse. 
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APPLICATIONS INFORMATION 


FIGURE 13 — EXTENDING REFERENCE FIGURE 14 — ERROR AMPLIFIER CONNECTIONS 
| F -OUTPUT CURRENT CAPABILITY 


Negative 
Output 
Voltage 


| . Vref Vref 
| | Vec 
Positive 
Output 
: Gnd Gnd 
| Gnd Voltage 
ra Ri+R R 
* May be required Vout = Vref (“1 72) Vout = Vref =) 
with some types 
of transistors _f{ R1R2 
R3 =( Ry + Ro 
FIGURE 15 — OSCILLATOR CONNECTIONS FIGURE 16 — FOLDBACK CURRENT LIMITING 
Output Filter O+ 


SG1526 (12) Sync 
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FIGURE 17 — SG1526 SOFT-START CIRCUITRY 


Vref 


Undervoltage 
Lockout 


CSoft-Start 


tIE-SHE) 


The totem-pole output drivers of the SG1526 
are ideally suited for driving the input capaci- 
tance of power FETs at high speeds. 
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FIGURE 19 — HALF-BRIDGE FIGURE 20 — FLYBACK CONVERTER 
CONFIGURATION WITH CURRENT LIMITING 


Supply 


In the above circuit, current limiting is accom- 
plished by using the current limit comparator 
output to reset the soft-start capacitor. 


FIGURE 21 — SINGLE-ENDED CONFIGURATION FIGURE 22 — PUSH-PULL CONFIGURATION 
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TCA5600 


TCF5600 (AA) MOTOROLA 


| Product Preview | 


UNIVERSAL MICROPROCESSOR POWER SUPPLY 
CONTROLLER 


UNIVERSAL MICROPROCESSOR 
POWER SUPPLY CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


The TCA5600 is a versatile power supply control circuit for 
microprocessor based systems and mainly intended for auto- 
motive applications and battery powered instruments. To cover 
a wide range of applications, the device offers high circuit flexi- 
bility with minimum of external components. 

Functions included in this IC are a temperature compensated 
voltage reference, on chip dc/dc converter, programmable and 
remote controlled voltage regulator, fixed 5.0 V supply voltage 
regulator with external PNP power device, undervoltage detection 
circuit, power-on RESET delay and watchdog feature for safe and 
hazard free microprocessor operations. . 


® 6.0 to 30 V Operation Range 
2.5 V Reference Voltage Accessible for Other Tasks 


Fixed 5.0 V + 4% Microprocessor Supply Regulator Including 
Current Limitation, Overvoltage Protection and Undervoltage 
Monitor 


Programmable 6.0 to 30 V Voltage Regulator Exhibiting High 
Peak Current (150 mA), Current Limiting and Thermal Protection 


Two Remote Inputs to Select the Regulator’s Operation Mode: 
OFF, 5.0 V, 5.0 V Standby and Programmable Output Voltage 


Self Contained dc/dc Converter Fully Controlled By the Pro- 
grammable Regulator to Guarantee Safe Operation Under All 
Working Conditions 


Programmable Power-On RESET Delay 
Watchdog Select Input 
Negative Edge Triggered Watchdog Input 
Low Current Consumption in the Vcc; Standby Mode 
All Digital Control Ports are TTL- and MOS-Compatible 
APPLICATIONS INCLUDE 
e Microprocessor Systems with E2PROMs 
@ High Voltage Crystal and Plasma Displays 


PLASTIC PACKAGE 
CASE 707-02 


PIN CONNECTIONS 


Vout1 Sense Delay 
lout1 Sense 
Base Drive 


Vcec2 
Gnd 


Current 
Vout2 Prog Sance 


Vout2 Output 8 | INH2 
Converter Converter 
Output | Input 


@ Decentralized Power Supplies in Computer and Telecommuni- 
cation Systems 


(Top View) 


RECOMMENDED OPERATION CONDITIONS 


[Characteristic (| Symbol | Min | Mon | 


Unit 
Vcc2 5.5 30 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 


ORDERING INFORMATION 
lean Operating Junction 
Temperature Range Package 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted, Note 1) 


Forward Rectifier Current (Pin 10—Pin 9) 


Logic Inputs INH1, INH2, WDS VINP —0.3 V to Vcc, | Vde 


(Pin 6, 11, 18) 
Output Sink Current RESET (Pin 1) IRES 
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Power Dissipation (Note 2) 
Ta = +75°C TCAS600 
Ta = +85°C TCF5600 


Operating Temperature Range 
TCA5600 
TCF5600 


Oto +75 
—40to +85 


Operating Junction Temperature 
TCA5600 +125 
TCF5600 +150 


NOTES: 


1. Values beyond which damage may occur. 
2. Derate at 10 mW/°C for junction temperature above +75°C (TCA5600). 
Derate at 10 mW/°C for junction temperature above +85°C (TCF5600). 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS (Vcc1 = Vec2 = 12 V; Ty = 25°C; lref = 0; loutt = 0 (Note 3); Rgc = 0.5.0; INH1 = 
esl Ae INH2 = “High”; WDS = “High”; Ioyt2 = 0 (Note 4); if not otherwise specified) 


Se ee 


REFERENCE SECTION 


Nominal Reference Voltage 


Reference Voltage Vref 
6.0V<Vcc1 < 18 V 


Line Regulation (6.0 V = Voce = 18 V) | Regine | — [20 [| 16 


— 0.5} mV/°C 


Ripple Rejection Ratio 
f = 1.0 kHz, Vsin = 


Output Impedance 
Ox lref =2.0mA 


Standby Current Consumption 
Vcec2 = Open 
NOTES: 
3. The external PNP power transistor satisfies the following minimum specifications: 
hFE = 60 at Ic = 500 mA and VcE = 5.0 V; VCE(sat) < 300 mV at Ip = 10 mA and Ic = 300 mA 
4. Regulator Vout2 programmed for nominal 24 V output by means of R4, R5 (see Figure 1) 
5. Tiow =  0°C for TCA5600; Tigw = —40°C for TCF5600. 
| Thigh = 125°C for TCA5600; Thigh = 150°C for TCF5600. 


5.0 V MICROPROCESSOR VOLTAGE REGULATOR SECTION 


Nominal Output Voltage 


Output Voltage 
6.0V < Vcc2 = 18 V 


Line Regulation (6.0 V < Vcco2 < 18 V) 


Load Regulation (5.0 MA < Ioyt1 < 300 mA) 


Base Current Drive (Vcc2 = 6.0 V, Vi5 = 4.0 V) 


apne ery pave 


a 
7 |e [a5 foseail =| 
a Paes 


Current Limitation Threshold (Rgc = 5.0 2) ff 
Average Temperature Coefficient AVout1 
Tiow Ty < Thigh (Note 5) ATy 


Sanne 
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———— 


PROGRAMMABLE VOLTAGE REGULATOR SECTION (Note 6) 


[Nominal Output Voltage | __|Vourzinom| 23 | 24 


Output Voltage Vout2 22.8 = 2 


Load Regulation 1.0 mA < ae 100 mA (Note 7) | Regioad | 
Ripple Rejection Ratio 
Output Voltage (Fixed 5.0 V) | ie 0 i. 
1.0 MA < loyt2 = 20 MA, Tiow = Ws < Thigh: 
INH1 = “High” (Note 5) 
Average Temperature Coefficient AV _AVout2_ = 25 = V 
NOTES: 
6. Vg = 28 V, INH1 = “Low” for this Electrical Characteristic section unless otherwise specified. 


f = 20 kHz, V = 0.4 Voy 
OFF State Output Impedance (INH2 = “Low”) Rout _| 
7. Pulse tested tp < 300 us 


DC/DC CONVERTER SECTION 


Collector Current Detection Level “High” V42(H) 350 400 mV 
Rc = 10k “Low” V72(L) _ 50 
Collector Saturation Voltage VCE(sat) V 
Ic = 600 mA (Note 7) 
Rectifier Forward Voltage Drop VE 1.4 V 
le = 600 mA (Note 7) 


WATCHDOG AND RESET CIRCUIT SECTION 


Threshold Voltage “High” VC5(H) 2.5 

(static) “Low” — ae 1.0 
Current Source Tiow < Ty = = Thigh (Note 5) 
Power-Up RESET 


Watchdog Time Out 
Watchdog RESET 


Watchdog Input Voltage Swing 


Watchdog Input Impedance 


Watchdog Reset Pulse Width (C8 = 1.0 nF) (Note 9) 


DIGITAL PORTS: WDS, INH 1, INH 2, RESET (Note 8) 
Input Voltage Range 


Input HIGH Current 
2.0V <Viy = 5.5V 
5.5 V < Vin = Vcc1 


Input LOW Current 
—-0.3 V < Vit < 0.8 V for INH1, INH2, 
-0.3V < Vit = 0.4 V for WDS 


Leakage Current Immunity (INH2, High ‘“’2Z’’ State) 
Output LOW Voltage RESET (loL = 6.0 mA) 
Output HIGH Current RESET (VoH = 5.5 V) 


NOTES: 
8. Temperature range Tiow = Ty = Thigh applies to this Electrical Characteristics section. 
9. For test purposes, a negative pulse is applied to Pin 4(—-2.5V = V4 = -5.5 V). 
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TYPICAL CHARACTERISTICS 


FIGURE 1 — REFERENCE VOLTAGE versus SUPPLY VOLTAGE 
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FIGURE 2 — REFERENCE STABILITY versus TEMPERATURE 
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FIGURE 4 — STAND-BY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 5 — POWER-UP BEHAVIOR OF THE 5.0 V REGULATOR 
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FIGURE 6 — FOLDBACK CHARACTERISTICS OF THE 5.0 V REGULATOR 
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FIGURE 7 — UNDERVOLTAGE LOCKOUT CHARACTERISTICS 
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FIGURE 8 — OUTPUT CURRENT CAPABILITY OF THE PROGRAMMING REGULATOR 
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FIGURE 9 — COLLECTOR CURRENT DETECTION LEVEL 
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FIGURE 10 — POWER SWITCH CHARACTERISTICS 
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FIGURE 11 — RECTIFIER CHARACTERISTICS 
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APPLICATIONS INFORMATION 
(See Figure 18) 


1. VOLTAGE REFERENCE Vez 

The voltage reference V;re¢ is based upon a highly 
stable bandgap voltage reference and is accessible on 
Pin 5 for additional tasks. This circuit part has its own 
supply connection on Pin 3 and is therefore able to 
operate in standby mode. The RC network R3, C6 im- 
proves the ripple rejection on both regulators. 


2. DC/DC CONVERTER 

The dc/dc converter performs according to the fly 
back principle and does not need a time base circuit. 
The maximum coil current is well defined by means of 
the current sensing resistor R1 under all working con- 
ditions (start-up phase, circuit overload, wide supply 
voltage range and extreme load current change). Figure 
13 shows the simplified converter schematic: 


FIGURE 13 — SIMPLIFIED CONVERTER SCHEMATIC 


A simplified method on “how to calculate the coil in- 
ductance” is given below. The operation point at min. 
supply voltage (Vcc2) and max. output current (Igyt2) 
for a fixed output voltage (Voyt2) determines the coil 
data. Figure 14 shows the typical voltage and current 
wave forms on the coil L1 (coil losses neglected). 


The equations (1) and (2) yield the respective coil volt- 
age Vi — and V;_ + (see Figure 14): 


VL+ = Vout2 + AV(Pin 9 — Pin 8) + VE — Vec2(1) 
Vi- = Vec2 - VcE(sat) — V12(H) (2) 


(AV(Pin 9 — Pin g): input/output voltage drop of the 
regulator, 2.5 V typical) 


(VE, VCE(sat), V12(H): see electrical characteristics) 


FIGURE 14 — VOLTAGE AND CURRENT WAVEFORM ON 
THE COIL (not to scale) 


Coil 
Voltage 


Coil 
Current 


ILpeak 


ie eee t 


The time ratio a for the charging time to dumping time 
is defined by equation (3): 


Hh VE. 
to VL- 


(3) 


The coil charging time ty is found using equation (4): 


oe (4) 


(1 + a aT 
Q 
(f : min. oscillation frequency which should be chosen 
above the audio frequency band (e.g. 20 kHz)) 
Knowing the dc output current Ioyt2 of the programm- 


able regulator, the peak coil current IL(peak) can now 
be calculated: 


IL(peak) = 2° lout2°(1 + a) (5) 


The coil inductance L1 of the nonsaturated coil is given 
by equation (6): 


i) Sey = (6) 
IL(peak) 


The formula (6a) yields the current sensing resister R1 
for a defined peak coil current IL(peak): 


R1 = 112(H) (6a) 
IL(peak) 


A rrr rererpennnanea 
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In order to limit the by-pass current through capacitor 
C7 during the energy dumping phase the value C2>>C7 
should be implemented. 


For all other operation conditions, the feedback signal 
from the programmable voltage regulator controls the 
activity of the converter. 


3. PROGRAMMABLE VOLTAGE REGULATOR 

This series voltage regulator is programmable by the 
voltage divider R4, R5 for a nominal output voltage 
6.0 V < Vout? = 30 V. 


nq - “Mout2 — Vref nom) * RS 


Vref nom (7) 


Current limitation and thermal shutdown capability are 
standard features of this regulator. The voltage drop 
AV(Pin 9 — Pin g) across the series pass transistor gen- 
erates the feedback signal to control the dc/dc converter 
(see Figure 13). 


4. CONTROL INPUTS INH1, INH2 

The dc/dc converter and/or the regulator Voyt2 are 
remote controllable through the TTL, MOS compatible 
inhibit inputs INH1 and INH2 where the latter is a 3-level 
detector (Logic 0’, high impedance ‘’Z’”’, Logic ‘’1”). 
Both inputs are setup to provide the following truth 
table: 


FIGURE 15 — INH1, INH2 TRUTH TABLE 


0 
0 High “2” 
0 i INT 
1 0 INT 
1 High “2” ON 
1 1 INT 
INT: Intermittent operation of the converter means that the 


converter operates only if Vcc2<Vout2: 

ON: The converter loads the storage capacitor C2 to its full 
charge (Vg = 33 V), allowing fast response time of the 
regulator Voyt2 when addressed by the control software. 

OFF: High impedance (internal resistor 10 k to ground) 


Figure 16 represents a typical timing diagram for an 
E2PROM programming sequence in a microprocessor 
based system. The high ‘’Z” state enables the dc/dc 
converter to ramp during t3 to the voltage Vg at Pin 9 
to a high level before the write cycle takes place in the 
memory. 


5. MICROPROCESSOR SUPLY REGULATOR 

Together with an external PNP power transistor (Q1), 
a 5.0 V supply exhibiting low voltage drop is obtained 
to power microprocessor systems and auxilliary cir- 
cuits. Using a power Darlington with adequate heat sink 
in the output stage boosts the output current Ioutt 
above 1 amp. 


FIGURE 16 — TYPICAL E2PROM PROGRAMMING 
SEQUENCE (not to scale) 


2 


vou | | Voltage Vop | | 
: ar 1 | | | | 


| Programming 


The current limitation circuit measures the emitter 
current of Q1 by means of the sensing resistor Rsc. 


V 


(Ie: emitter current of Q1) 
(Vrsc: threshold voltage (see electrical characteristics) 


The voltage protection circuit performs a fold-back char- 
acteristic above a nominal operating voltage 
Vcc2 2 18 V. 


6. DELAY AND WATCHDOG CIRCUIT 

The under voltage monitor supervises the power sup- 
ply Vouti and releases the delay circuit RESET as soon 
as the regulator output reaches the microprocessor op- 
erating range (e.g. VLow = 0.93 - Vout1(nom))- The 
RESET output has an open-collector and may be con- 
nected in a ‘‘wired-OR” configuration. 

The watchdog circuit consists of a retriggerable 
monostable with a negative edge sensitive control input 
WDI. The watchdog feature may be disabled by means 
of the watchdog select input WDS driven to a ‘’1". Figure 
17 displays the typical RESET timing diagram. 

The commuted current source Ics on Pin 17, thresh- 
old voltage Vc5i.), VC5(H) and an external capacitor C5 
define the RESET delay and the watchdog timing. The 
relationship of the timing signals are indicated by the 
equations (9) to (11). | 


Aa een ine C5 - Vcs5(H 
RESET delay: lics| (9) 
: C5°(V -—V ) 
Watchdog time- twd = CS(H C5(L 
‘ 5: (10) 
out: C5 
C5 - (Vc5(H) — VcsiL)) 


Watchdog RESET: ' 50 - lIcsl (11) 


(Ic5, VC5(H) VC5(L): see electrical characteristics.) 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-303 


ae ee 


i eae 


| _ TCA5600, TCF5600 


FIGURE 17 — TYPICAL RESET TIMING DIAGRAM 
(not to scale) 
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(a) Watchdog inhibited, WDS = “1” 
(b) Watchdog operational, WDS = “0” 


FIGURE 18 — TYPICAL AUTOMOTIVE APPLICATION 
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Specifications and Applications 
Information 


FLYBACK CONVERTER 
REGULATOR CONTROL 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


CONTROL IC FOR LINE ISOLATED FREELY 
OSCILLATING FLYBACK CONVERTER 


The bipolar integrated circuit TDA4600 drives, regulates and 
monitors the switching transistor in a power supply based on 
freely oscillating flyback converters. 

Due to the wide regulating range and the high voltage stability 
during large load changes, SMPS for Hi-Fi equipment and active 
loudspeakers can be realized as well as applications in TV re- 
ceivers and video recorders. 

The TDA4600 is available in a 9-pin SIP plastic medium-power 
package. The ambient temperature during operation can be from 
— 15°C to + 85°C. 


e Wide Operational Range 
High Voltage Stability Even at High Load Changes 
Direct Control of Switching Transistor 
Low Start-Up Current 


Linear Foldback of the Overload Characteristic MEDIUM-POWER PACKAGE 


CASE 762-01 
Base Drive Proportional to the Current Through the Power 


Switching Transistor 


PIN CONNECTIONS 


BLOCK DIAGRAM Reference {_| 1 


Zero Detection [| | 2 
Feedback L_ 3 
Sawtooth Gen.| | 4 


Monitoring 
Base 


Current 
Amplif. 


ie 


Ext. Inhibit [_] 5 


Sawtooth Start 


Sink Output |_| 7 


Gap Voltage 
Reference 
4.214V 


L 
Sawtooth fo) 
Ref. ue } Generator 
| Max Limit ax ae 
O O 


t 
O—O 


Source Output [_| 8 


Actual Output Current 


Sawtooth End 
utput Source Current Set 


ORDERING INFORMATION 


Temperature 
Range Package 


TDA4600 — 16°C to + 85°C Plastic SIP 
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MAXIMUM RATINGS 


mA 


°C 


ome 


Thermal Resistance 
(Junction-to-Air) 


Thermal Resistance 
(Junction-to-Case) 


START OPERATION 


Current Consumption (V1 not yet switched) 
Vg = 3.0V 
Vg = 5.0V 
Vg = 10 V 


Turn-on Point for V4 


NORMAL OPERATION (Vg = 10 V; Vreg = —10V; Vpulse = +0.5 V; f = 20 kHz; duty cycle: 2 after the turn-on process is 
completed.) 


Current Consumption Vreg = —10V 
Vreg = 0 


Reference Voltage V1 < 0.1 mA 
Vi = 5.0 mA 


Feedback Voltage Vo* 


Regulating Voltage Vreq = OV 


Collector Current Balancing Voltage 
Vreg >= ¢) V 
=0V/-10V 


3.3 
: 3.4 
= 0V/-10V : 1.8 


*Only dc portion. 
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Current Consumption [Current Consumption (Vp<18V) sd < 1.8 V) 


External Trigger Input 
Enable Voltage (Vreg = 0 V) 
Disabled Voltage (Vreqg = 0 V) 


RANGE OF OPERATION 
Turn-on Time (Secondary Voltages) 
Voltage Change 


When $3 = Closed (AP3 = 19 W Audio Frequency Output 


Power) 
When S2 = Closed (AP2 = 15 W) 


Standby Operation (Secondary Useable Power = 3.0 W) 
When S; = Open 


FIGURE 1 — MEASURING CIRCUIT 


PROTECTIVE OPERATION a = 10 V; Vreg = —10V; Voulse = rae 5 V; f = 20 kHz; ae ae aa 


Turn-off Voltage (V5 < 1.8 V) —— = 3 1 = 

V4 1.8 2.5 

V5 2.4 2.7 
aera 2.2 


Ta [er [a ae 


AV2 2 
AV2 2 
Av2 2 

2 
Porim 2 


The heat sink must be optimized, taking the maximum data (Ty, Reyc, Rey, TA) into consideration. 


FIGURE 2 — TEST DIAGRAM: NORMAL OPERATION 
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CIRCUIT DESCRIPTION 


The TDA4600 regulates, controls, and protects the 
switching transistor in flyback converter power supplies 
at starting, normal and overload operation. 


A. Starting Behavior 
At the start-up there are three consecutive operation 
states. 


1. An internal reference voltage is created. It supplies 
the voltage regulator and enables the supply to the 
coupling electrolytic capacitor and the switching 
transistor. For a supply voltage of Vg = 12 V, the 
current lg is less than 3.2 mA. | 


2. Release of the internal reference voltage Vj = 4.0 


V. This voltage is available when Vg = 12 V and 
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enables all parts of the IC to be supplied from the 

control logic with thermal and overload protection. 
. Release of control logic — As soon as the reference 

voltage is available, the control is switched on 

through an additional stabilization circuit. 

This start-up sequence is necessary for driving the 
switching transistor through the coupling electrolytic 
capacitor. 


B. Normal Operation 

Zero crossing detection is sensed on Pin 2 and linked 
to the control logic. 

The signal picked up on the feedback winding is ap- 
plied, after filtering, to Pin 3 (used for input regulation 
and for overload protection). The regulating section 
works with an input voltage of ‘about 2.0 V for normal 
regulation and a current of about 1.4 mA for foldback 
operation. Together with the collector current simula- 
tion Pin 4, the overload recognition defines the oper- 
ating region of the regulating amplifier depending on 
the internal reference voltage. The simulation of the 
collector current is generated by an external RC network 
at Pin 4 and an internally set voltage level. 

For a constant line and for a given output power on 
the load (ton fixed) less than the maximum output 
power, a decrease of C Pin 4 produces an increase of 


FIGURE 3 — FREQUENCY versus OUTPUT POWER 
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the current sent to the base of the power switching 
transistor. So the foldback point is reached earlier. The 
regulation range starts from a 2.0 Vdc level which is the 
bottom of a sawtooth waveform whose top is limited 
at 4.0 V (reference voltage). 

A secondary load of 19 W produces a switching fre- 
quency of about 50 kHz at an almost constant duty cycle. 
Furthermore, when the switchmode power supply de- 
livers approximately 3.0 W, the switching frequency 
jumps to about 70 kHz. At the same time, the collector 
peak current falls below 1.0 A. 

The comparison of the output level of the regulating 
amplifier, the overload detection and the collector cur- 
rent simulation drives the control logic. An additional 
steering control and blocking possibility is offered thru 
Pin 5. When the voltage applied on Pin 5 falls below 2.2 
V, the source output (Pin 8) is blocked. 

The control logic is set according to the start-up cir- 
cuit, the zero crossing detection and the trigger enable. 
This logic drives the base current amplifier and the base 
current shutdown. The base current amplifier drives the 
source output (Pin 8) proportionally to the sawtooth 
voltage (Pin 4). A current feedback is performed by an 
external shunt inserted between Pin 8 and the base of 
the switching power transistor. This shunt value deter- 
mines the maximum amplitude of the base current 
drive. 


FIGURE 4 — EFFICIENCY versus OUTPUT POWER 
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C. Protective Features 

The base current shutdown, released by the control 
logic, clamps the sink output (Pin 7) at 1.6 V, turning off 
the switching transistor. This feature will be released if 
the voltage on Pin 9 is less than 7.4 V, or if the applied 
voltage on Pin 5 is less than 2.2 V. In case of a short 
circuit of the secondary windings, the TDA4600 contin- 
uously monitors the fault condition. 


FIGURE 5 — LOAD CHARACTERISTICS (V2 = f(/g2) 
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In standby operation the circuit is set to a high duty 
cycle. The total power consumption of the power supply 
is held below 6.0 to 10 W. Once the output is blocked 
(due to the supply voltage coming down to 7.4 V), a 
further voltage reduction to 6.0 V switches off the ref- 
erence voltage. 


FIGURE 6 — OUTPUT VOLTAGE V9 (line change) 


OUTPUT VOLTAGE V9 (V) 
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TEST CIRCUIT AND TYPICAL APPLICATION (see Figure 7 on the next page) 


This application circuit shown in Figure 7 represents 
a blocking converter for color TV sets with 30 W to 120 
W of output power and line voltages from 160 V to 
270 V. 

This circuit shows the low number of external com- 
ponents. Inspite of regulation on the primary side, high 
voltage stability of the various secondary voltages is 
achieved even with large load changes. 

For line isolation and transformation to the desired 
secondary voltages, a transformer with ferrite core is 
used. 


SPECIAL FEATURES OF THE FLYBACK CONVERTER 

POWER SUPPLY USING THE TDA4600 

e@ Direct driving of the power switching transistor 

e@ Low starting current, defines starting behavior even 
at slowly rising line voltage 


@ Short-circuit proof and open-loop resistant circuit. In 
both cases a power of only 6.0 to 10 W is consumed. 


Linear foldback characteristic at overload 
@ Automatic restart after elimination of the overload 


Efficiency of more than 80% at an output power of 
40 to 100 W 


Frequency of ocillation between 20 kHz (100 W) and 
70 kHz (without load) 


Simple RF | suppression 


Good regulation of load current and line voltage var- 
iations. At a line voltage variation between 170 and 
240 Vac the output voltage of 150 V will change only 
by about 2.0 V 


a a NC er Ce ITCiaiNE:S: EEE arts 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-309 


TDA4600 


FIGURE 7 — TYPICAL APPLICATION 
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NOTES: 

— C1 limits the maximum collector current of 
BU208 at overshooting the allowable 
output power. 

— R is used to adjust the secondary voltage. 

— _—C2 must be discharged before IC change. 
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(AA) MOTOROLA 


Specifications and Applications 
Information 


PROGRAMMABLE PRECISION REFERENCES 


The TL431 integrated circuits are three-terminal programmable 
shunt regulator diodes. These monolithic IC voltage references 
operate as a low temperature coefficient zener which is program- 
mable from Vref to 36 volts with two external resistors. These devices 
exhibit a wide operating current range of 1.0to 100 mA with a typical 
dynamic impedance of 0.22 9. The characteristics of these refer- 
ences make them excellent replacements for zener diodes in many 
applications such as digital voltmeters, power supplies, and op amp 
circuitry. The 2.5 volt reference makes it convenient to obtain a stable 
reference from 5.0 volt logic supplies, and since the TL431 operates 
as a shunt regulator, it can be used as either a positive or negative 
voltage reference. 


@ Programmable Output Voltage to 36 Volts 
@ Low Dynamic Output Impedance, 0.22 2M Typical 
@ Sink Current Capability of 1.0 to 100 mA 


@ Equivalent Full-Range Temperature Coefficient of 50 ppm/°C 
Typical 

@ Temperature Compensated for Operation over Full Rated Opera- 
ting Temperature Range 


@ Low Output Noise Voltage 


Reference 
(R) 


O Anode (A) 


SYMBOL FUNCTIONAL BLOCK DIAGRAM 


Reference o 


INTERNAL SCHEMATIC 
Component values are nominal 


Anode (A) 


TL431 
Series 


PROGRAMMABLE 
PRECISION REFERENCES 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


LP SUFFIX 
PLASTIC PACKAGE 
CASE 29-02 
TO-226AA 
(TO-92) 


Pin 1. Reference 
2. Anode 
3. Cathode 


(Top View) 


Cathode 18] Reference 


P SUFFIX 
PLASTIC DUAL-IN-LINE PACKAGE 
CASE 626-04 


(Top View) 


Cathode | 1] 


JG SUFFIX 
CERAMIC DUAL-IN-LINE PACKAGE 
CASE 693-02 


ORDERING INFORMATION 
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TL431 Series 


MAXIMUM RATINGS (Full operating ambient temperature range applies unless 
otherwise noted.) 


-55 to +125 
~40 to +85 
0 to +70 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C Case Temperature 


Cathode To Anode Voltage VKA 
Ik -100 to +15 
Reference Input Current Range, Continuous -0.05 to +10 
Operating Junction Temperature 
TA 
TL431M 
TL4311 
Storage Temperature Range 
Total Power Dissipation @ Ta = 25°C Pp 
LP Suffix Plastic Package 
P Suffix Plastic Package 
PD 
LP Suffix Plastic Package 
JG Suffix Ceramic Package 
THERMAL CHARACTERISTICS 
Thermal Resistance, RaJA 178 114 °C/W 
Junction to Ambient 


Cathode Current Range, Continuous | Ik | -100t0 +150 | mA | 
Operating Ambient Temperature Ritige 

TL431C 

Derate above 25°C Ambient Temperature 

JG Suffix Ceramic Package 

P Suffix Plastic Package 

LP Suffix P Suffix | JG Suffix 
Characteristics Symbol Package Package Package | Unit 

Junction to Case 

RECOMMENDED OPERATING CONDITIONS 


ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C unless otherwise noted) 


Characteristic Symbol sim TL4311 TL431C 
| Min | Typ | Max | 


Reference Input Voltage (Figure 1) Vref 2.440 | 2.4 
VKA= Vref. 1K = 10 mA 
Reference Input Voltage Deviation Over AVref 15 44 
Temperature Range. (Figure 1, Note 1) 
VKA = Vref. K = 10mA 


Ratio of Change in Reference Input Voltage 
to Change in Cathode to Anode Voltage 

IK = 10 mA (Figure 2), AVKA = 10 V to Vref 

AVKA = 36 Vto 10 V 
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Reference Input Current Deviation Over 
Temperature Range. (Figure 2) 
lk = 10. mA, R1 = 10k, R2 = 2% 


~_ 
NO 


S| oN 
NS oO 
| 2 
= } 


Dynamic Impedance (Figure 1, Note 2) 
VKA = Vref. Alk = 1.0 mA to 100 mA 
f< 1.0 kHz 


o 
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TL431 Series 


FIGURE 1 — TEST CIRCUIT FOR Vxa=Vre¢ FIGURE 2 — TEST CIRCUIT FOR Vxqa>Vre¢ FIGURE 3 — TEST CIRCUIT FOR loft 


Input VKA 


ik 


Input KA 


V 
y loft 


Note 1 


The deviation parameter AVref is defined as the differences between the maximum and minimum values obtained over the full operating 
ambient temperature range that applies. 


| ATa = T9-T4 


Ty BES) 
AMBIENT TEMPERATURE 


The average temperature coefficient of the reference input volt- 
age, a Vref, is defined as: 


( AVref ) 106 

Vv ppm Vref @ 25°C AVret x 106 

a f ee 
PEN eG AT, ATA (Veet @ 25°C) 


aVref can be positive or negative depending on whether Vref 
Min or Vre¢ Max occurs at the lower ambient temperature. (Refer to 
Figure 6) 


Example: AVref= 8.0 mV and slope is positive, Vref @ 25°C = 
2.495 V, ATa = 70°C 


; 0.008 x 106 wees ie 
Qa = eee , ppm 
ret 50 (2.495) 
Note 2 
The dynamic impedance Zxgq is defined as: 
AVKA 
Alk 


When the device is programmed with two external resistors, R1 and R2, (refer to Figure 2) the total dynamic impedance of the circuit is 


defined as: 
IZka'l ~12 (0 a) 
4a +_—— 
ka ka R2 
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TL431 Series 


FIGURE 4 — CATHODE CURRENT versus FIGURE 5 — CATHODE CURRENT versus 
“CATHODE VOLTAGE CATHODE VOLTAGE 


Ix, CATHODE CURRENT (mA) 
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Vxa, CATHODE VOLTAGE (V) VKa, CATHODE VOLTAGE (V) 
FIGURE 6 — REFERENCE INPUT VOLTAGE versus FIGURE 7 — REFERENCE INPUT CURRENT versus 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


lef, REFERENCE INPUT CURRENT (A) 
QP 
i 


Vref. REFERENCE INPUT VOLTAGE (mV) 


10. Hk 
Vref Min = 2440 mV fle + | 
0 La 
-55 -25 0 25 50 75 100 125 55 25 0 25 50 75 100 125 
T,. AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 8 — CHANGE IN REFERENCE INPUT FIGURE 9 — OFF-STATE CATHODE CURRENT 
VOLTAGE versus CATHODE VOLTAGE versus AMBIENT TEMPERATURE 


k= 10 mA 
Ty = 25°C 
Inputo 


loft. QFF-STATE CATHODE CURRENT (nA) 


AVret, CHANGE IN REFERENCE INPUT VOLTAGE (mV) 


Va. CATHODE VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C) 
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TL431 Series 


FIGURE 10 — DYNAMIC IMPEDANCE 
versus FREQUENCY 


Zl. DYNAMIC IMPEDANCE (2) 
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FIGURE 12 — OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 


Ayo, OPEN LOOP VOLTAGE GAIN (dB) 


VOLTAGE SWING (V) 


f, FREQUENCY (Hz) 


FIGURE 14 — PULSE RESPONSE 
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Generator 


f = 100 kHz 
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|Z,q|. DYNAMIC IMPEDANCE (0) 
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FIGURE 11 — DYNAMIC IMPEDANCE 
versus AMBIENT TEMPERATURE 


FIGURE 13 


Al = 1.0 mA to 100 mA 
f < 1.0 kHz 


0 25 50 75 100 125 
Ta, AMBIENT TEMPERATURE (°C) 


— SPECTRAL NOISE DENSITY 


f, FREQUENCY (Hz) 


FIGURE 15 — STABILITY BOUNDARY CONDITIONS 
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TL431 Series 


FIGURE 16 — TEST CIRCUIT FOR CURVE A FIGURE 17 — TEST CIRCUIT FOR CURVES B, C, AND D 
OF STABILITY BOUNDARY CONDITIONS OF STABILITY BOUNDARY CONDITIONS 
; 150 150 


| 
“ff As 


TYPICAL APPLICATIONS 


FIGURE 18 — SHUNT REGULATOR FIGURE 19 — HIGH CURRENT SHUNT REGULATOR 
| : 
Vt Vout 
V+ Vout 
R1 | R1 
a 
oT 
R2 | 
| R2 
" RI (: R1 ) 
Vout = (; —) Vref Vout= \1 tea. Vref 
FIGURE 20 — OUTPUT CONTROL OFA FIGURE 21 — SERIES PASS REGULATOR 


THREE-TERMINAL FIXED REGULATOR 


R1 
Vout = ate Vref 
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TL431 Series 


FIGURE 22 — CONSTANT CURRENT SOURCE 


RCL 
V+ lout 
— 


_ Vref 
out = 
RCL 


FIGURE 24 — TRIAC CROWBAR 


V+ Vout 
R1 
R2 


a) 
Vout(trip) = \1 "7 Vref 


FIGURE 26 — VOLTAGE MONITOR 


L.E.D. indicator is ‘on’ when V+ is between the 
upper and lower limits. 


(1 R1 g 
+7 
R2 ref 


(1 ny 
+-— 
R4 ref 


Lower Limit 


Upper Limit 


FIGURE 23 — CONSTANT CURRENT SINK 


V+ Isink 


FIGURE 25 — SCR CROWBAR 


V+ Vout 
R1 


R2 


R1 
Vout(trip) = (1 Wer 


FIGURE 27 — SINGLE-SUPPLY COMPARATOR WITH 
TEMPERATURE-COMPENSATED THRESHOLD 


V+ 


Vout 


Vth = Vref 
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TL431 Series 


FIGURE 28 — LINEAR OHMMETER FIGURE 29 — SIMPLE 400 mW PHONO AMPLIFIER 
38 VO 


T) = 330 9 to 8.00 330 
qT 


80 


*Thermalloy 
THM 6024 
Heatsink on LP 
Package 


FIGURE 30 — HIGH EFFICIENCY STEP-DOWN 


SWITCHING CONVERTER 
150 wH @ 2.0A 


Vin = 10 to 20 V 


RESULTS 
53 mV (1.1%) 
25 mV_ (0.5%) 
50 MVp-p P.A.R.D. 
100 MVp-p P.A.R.D. 


CONDITIONS 
Vin= 10 V to 20V, lp=1.0A 
=15V,lp=OAto1.0A 

Vin=10V, Ilg=1.0A 
Vin = 20V, Io=1.0A 
Vin=15V,lo=1.0A 


ae 


Line Regulation 


Load Regulation 


Output Ripple 


Output Ripple 


Efficiency 
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(AA) MOTOROLA TL495 


Specifications and Applications 
Information 


SWITCHMODE 
PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


SWITCHMODE 
PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


The TL494 and TL495 are fixed frequency, pulse width modu- 
lation control circuits designed primarily for Switchmode power 
supply control. These devices feature: 


@ Complete Pulse Width Modulation Control Circuitry 

@ On-Chip Oscillator With Master Or Slave Operation 

@ On-Chip Error Amplifiers 

@ On-Chip 5 Volt Reference 

e@ Adjustable Dead-Time Control 

@ Uncommitted Output Transistors For 200 mA Source Or Sink 
@ Output Control For Push-Pull Or Single-Ended Operation 

@ On-Chip 39 Volt Zener (TL495 Only) 

@ Output Steering Control (TL495 Only) 


1 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


PIN CONNECTIONS 


N SUFFIX 
PLASTIC PACKAGE 
CASE 707-02 


Compen/ 


15 | Inv PWM Comp 
Hs) Input Input 
Dead 
Time 
Control J SUFFIX 
CERAMIC PACKAGE 


CASE 726-01 


Output 
Control 


Steering 
Control 


ORDERING INFORMATION 


(Top View) (Top View) 


The TL494C/495C are specified over the commercial operating 
range of O°C to 70°C. The TL4941/4951 are specified over the in- 
dustrial range of — 25°C to 85°C. The TL494M is specified over the 
full military range of —55°C to 125°C. 
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TL494, TL495. 


| ala) 
Dead-Time 
Control 


Oscillator 


FIGURE 1 — BLOCK DIAGRAM 
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Dead-Time Control 
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Clock Input 
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FIGURE 2 — TIMING DIAGRAM 
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TL494, TL495 


Description 


The TL494/495 are fixed-frequency pulse width mod- 
ulation control circuit, incorporating the primary build- 
ing blocks required for the control of a switching power 
supply. (See Figure 1.) An internal-linear sawtooth os- 
cillator is frequency-programmable by two external 
components, Ry and Cr. The oscillator frequency is 
determined by: 


fcc 


Output pulse width modulation is accomplished by 
comparison of the positive sawtooth waveform across 
capacitor Cry to either of two control signals. The NOR 
gates, which drive output transistors Q1 and Q2, are 
enabled only when the flip-flop clock-input line is in its 
low state. This happens only during that portion of time 
when the sawtooth voltage is greater than the control 
signals. Therefore, an increase in control-signal ampli- 
tude causes a corresponding linear decrease of output 
pulse width. (Refer to the timing diagram shown in Fig- 
ure 2.) 

The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier inputs, 
or the feedback input. The dead-time control compar- 
ator has an effective 120 mV input offset which limits 
the minimum output dead time to approximately the 
first 4% of the sawtooth-cycle time. This would result 
in a maximum duty cycle on a given output of 96% with 
the output control grounded, and 48% with it connected 
to the reference line. Additional dead time may be im- 
posed on the output by setting the dead time-control 
input to a fixed voltage, ranging between 0 to 3.3 V. 

The pulse width modulator comparator provides a 
means for the error amplifiers to adjust the output pulse 
width from the maximum percent on-time, established 
by the dead time control input, down to zero, as the 


voltage at the feedback pin varies from 0.5 to 3.5 V. Both 
error amplifiers have a common-mode input range from 
—0.3 V to (Vcc —2V), and may be used to sense power- 
supply output voltage and current. The error-amplifier 
outputs are active high and are ORed together at the 
non-inverting input of the pulse-width modulator com- 
parator. With this configuration, the amplifier that de- 
mands minimum output on time, dominates control of 
the loop. 

When capacitor Cy is discharged, a positive pulse is 
generated on the output of the dead-time comparator, 
which clocks the pulse-steering flip-flop and inhibits the 
output transistors, Q1 and Q2. With the output-control 
connected to the reference line, the pulse-steering flip- 
flop directs the modulated pulses to each of the two 
output transistors alternately for push-pull operation. 
The output frequency is equal to half that of the oscil- 
lator. Output drive can also be taken from Q1 or Q2, 
when single-ended operation with a maximum on-time 
of less than 50% is required. This is desirable when the 
output transformer has a ringback winding with a catch 
diode used for snubbing. When higher output-drive cur- 
rents are required for single-ended operation, Q1 and 
Q2 may be connected in parallel, and the output-mode 
pin must be tied to ground to disable the flip-flop. The 
output frequency will now be equal to that of the 
oscillator. 


The TL494/495 has an internal 5.0 V reference capable | 


of sourcing up to 10 mA of load current for external bias 
circuits. The reference has an accuracy of +5% with a 
thermal drift of less than 50 mV over an operating tem- 
perature range of 0 to 70°C. 

_ The TL495 contains an on-chip 39 volt zener diode for 
high voltage applications where Vcc is greater than 40 
volts, and an output steering control that overrides the 
internal control of the pulse-steering flip-flop. (Refer to 
the functional table shown in Figure 3.) 


FIGURE 3 — FUNCTIONAL TABLE 


Output Steering 
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[Grounded | Open | Shgleendea Pw atovenaG? | 
y—AtVier [Open | Pusrpulloperation 


Output Function 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-321 


: TL494, TL495 


MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted.) 


42 
vy 
TA 


| ae 
| Vin 
[Power Dissipation@Ta<45c | P| t000—S | 1000 
F Operating Junction Temperature ———=—S«|ty=«|SStSOS«dYSStSOSC*dYSC*‘iOSCSSC 
Operating Ambient Temperature Range | ta | -55to125 | -25t08s | oto7 | cc | 


THERMAL CHARACTERISTICS 


Oscillator Frequency 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, fose = 10 kHz unless otherwise noted.) 
For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise — 
noted. 


TL494M ' TL494C, I/TL495C,| 
Characteristic Symbol | Min | Typ | Typ | Max — 


REFERENCE SECTION 


Reference Voltage Vref 4.75 
(Io = 1.0 mA) 
Reference Voltage Change with Temperature AV ref (AT) 0.2 
(ATA = Min to Max) . 
Input Regulation Regline 2.0 
(Vcc = 7.0 V to 40 V) 
er oe 


Output Regulation Regigad 15 
(Io = 1.0 mA to 10 mA) 

Short-Circuit Output Current . . Isc 10 50 
(Vref = OV, Ta = 25°C) 
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TL494, TL495 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, fosc = 10 kHz unless otherwise noted.) 
For typical values Ta = 25°C, for min/max values T, is the operating ambient temperature range that applies unless otherwise 


noted. 
Learns | sats aT Ce te | ome 
OUTPUT SECTION 


Collector Off-State Current 
(Vcc = 40 V, Vce = 40 V) 


Emitter Off-State Current 
(Vcc = 40 V, Vc = 40 V, Ve = OV) 


Collector-Emitter Saturation Voltage 
Common-Emitter 
(VE = OV, I¢ = 200 mA) 


Emitter-Follower Vsat(E) 
(Ve = 15 V, IE = —200 mA) 


Output Control Pin Current lOCL 
Low State 
(Voc < 0.4 V) 


High State 
(Voc = Vref) 
Output Voltage Rise Time (Ta = 25°C) 
Common-Emitter (See Figure 13) 
Emitter-Follower (See Figure 14) 


Output Voltage Fall Time (Ta = 25°C) 
Common-Emitter (See Figure 13) 
Emitter-Follower (See Figure 14) 


TL494/TL495 

ERROR AMPLIFIER SECTIONS 
(VO (Pin 3) = 2-5 V) 
(Vo (Pin 3) = 2.5 V) 

ns 

(VO (Pin 3) = 2.5 V) 
(Vcc = 7.0 V to 40 V) 

Open-Loop Voltage Gain 


(aV9 = 3.0V, Vo = 0510 38¥. 
RL = 2.0 kQ) 


Unity-Gain Crossover Frequency 
(Vo = 0.5 to 3.5 V, RE = 2.0 kQ) 


Phase Margin at Unity-Gain 
(Vo = 0.5 to 3.5 V, RL = 2.0 kQ) 


Common-Mode Rejection Ratio 
(Vcc = 40 V) 


Power Supply Rejection Ratio 
(Vcc = = 33V,Vo = 2.5 V, RL = 2.0 kQ) 


(VO (Pin 3) = 9.7 V) 
eases = 
(VO (Pin 3) = 3.5 V) 
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TL494, TL495 


For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise 
noted. . . | ja’ 


- TL494/TL495 
Characteristic | Min | typ | Max 


PWM COMPARATOR SECTION (Test Circuit Figure 12) 


| ELECTRICAL CHARACTERISTICS (Vcc = 15 V, fogc = 10 kHz unless otherwise noted.) 


Input Threshold Voltage 
(Zero duty cycle) 


Input Sink Current 
(V (Pin 3) = 0.7 V) | 
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12) 


Input Bias Current (Pin 4) 
(Vin = 0 to 5.25 V) 


Maximum Duty Cycle, Each Output, Push-Pull Mode 
(Vin = OV, Cr = 0.1 wF, RT = 12 kQ) 48 


(Vin = OV, CT = 0.001 uF, Rt = 30 kQ) 45 


Input Threshold Voltage (Pin 4) 
(Zero Duty Cycle) 
(Maximum Duty Cycle) 


OSCILLATOR SECTION 


Frequency 
(Cy = 0.001 uF, Rp = 30 kM) 


Standard Deviation of Frequency* 
(Cy = 0.001 uF, RT = 30 kM) 


Frequency Change with Voltage Afosc (AV) 
(Vcc = 7.0 V to 40 V, Ta = 25°C) 


Frequency Change with Temperature Afosc (AT) 
(ATA = TAlow to TAhigh) 


STEERING CONTROL 


(V(Pin 13) = 0.4 V) 

Input Current High 
(V(Pin 13) = 2.4 V) 
(V(Pin 13) = Vref) 
ZENER CHARACTERISTICS 


Zener Breakdown Voltage 
(Iz = 2.0 mA) 


Sink Current 
(V(Pin 15) = 1.0 V) 


TOTAL DEVICE 


Standby Supply Current 
(Pin 6 at Vre¢, All Other Inputs and Outputs Open) 
(Vcc = 15 V) 
(Vcc = 40 V) 
Average Supply Current 
(V(Pin 4) = 2.0 V) (See Figure 12.) 
(Cy = 0.001, Rp = 12 kX, Vcc = 15 V) 


* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o = 
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TL494, TL495 


FIGURE 4 — OSCILLATOR FREQUENCY FIGURE 5 — OPEN LOOP VOLTAGE GAIN AND PHASE 
versus TIMING RESISTANCE versus FREQUENCY 
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FIGURE 8 — EMITTER-FOLLOWER CONFIGURATION, FIGURE 9 — COMMON-EMITTER CONFIGURATION 
OUTPUT-SATURATION VOLTAGE OUTPUT-SATURATION VOLTAGE 
versus EMITTER CURRENT versus COLLECTOR CURRENT 


VCE (SAT), SATURATION VOLTAGE (V) 
VCE (SAT), SATURATION VOLTAGE (V) 


Ie, EMITTER CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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FIGURE 10 — STANDBY-SUPPLY CURRENT 
versus SUPPLY VOLTAGE 


icc, SUPPLY CURRENT (mA) 


FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS 


Error Amplifier 


, Under Test 


Feedback 
O Terminal 
(Pin 3) 


Other Error 
Amplifier 


FIGURE 13 — COMMON-EMITTER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 


15V 


Vc 


Each 
Output 
Transistor 


15 pF 


15 20 
Vcc, SUPPLY VOLTAGE (V) 


FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL 
TEST CIRCUIT 


Vcc = 15 V 


150 
2W 
Vcc 


Dead Time 


oO Output 1 


Feedback 
© Output 2 


O a) TL495 
0 (Open) Only 


FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 


15 V 
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES 


Vo 
To Output 
Voltage of 
System 


POSITIVE OUTPUT VOLTAGE 
R 
= VO = Vref (1 +R) 


FIGURE 16 — DEAD-TIME CONTROL CIRCUIT 


Output 
Control & 


Ry 
Output 


Vref 


NEGATIVE OUTPUT VOLTAGE R1 
V V il 
O:= ref Ro Vo 
To Output 
Voltage of 
System 


FIGURE 17 — SOFT-START CIRCUIT 


Output = 


FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND 
PUSH-PULL CONFIGURATIONS 


Qc 


| to 500 mA 


Qe 


Output 
Control 


O<Voc < 0.4V 


Single Ended Configuration 


2.4V <VOC < Vref 


€ 250 mA 


Ito 250 mA 


Output 
Control 


Push-Pull Configuration 
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FIGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUITS - FIGURE 20 — OPERATION WITH Vin > 40 V USING 
7 INTERNAL ZENER (TL495 ONLY) 
ref 


Master 


Slave 
(Additional 
Circuits) 


FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER 


+Vin = 8.0 to 20 V 


IN4934 


C1 


11 
el Ba 
nd Ei £2 
eee 
aK S15k 
0.001 


All capacitors in uF 


IN4934 


L1— 3.5 mH @03A 

T1 — Primary: 20T C.T. #28 AWG 
Secondary: 120T C.T. #36 AWG 
Core: Ferroxcube 1408P-L00-3C8 


40 mV P-P P.A.R.D. 
250 mA 
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER 
1.0 mH @ 2A 


+Vin = 10 to 40 V TIP 32A +Vo = 5.0V 
O a 
Ion = 1.0A 
50 It 
50 V 
+] 50 
10 V 


All capacitors in pF 


3.0mV 0.06% 
Vin = 28V, Io = 1.0 A 


: : 5 
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THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


THREE-TERMINAL POSITIVE VOLTAGE REGULATORS 


This family of precision fixed voltage regulators are monolithic 
integrated circuits capable of driving loads in excess of 1.5 am- 
peres. Innovative design concepts, coupled with advanced ther- 
mal layout techniques has resulted in improved accuracy and 
excellent load, line and thermal regulation characteristics. Internal 
current limiting, thermal shutdown and safe-area compensation 
are employed, making these devices extremely rugged and vir- 
tually immune to overload. 

@ +1% Output Voltage Tolerance @ 25°C 


@ +2% Output Voltage Tolerance Over Full Operating Temper- 
ature Range 


Internal Short-Circuit Current Limiting 
Internal Thermal Overload Protection 
Output Transistor Safe-Area Compensation 
No External Components Required 

Pinout Compatible with MC7800 Series 


KC SUFFIX 
PLASTIC PACKAGE 
CASE 221A-02 
TO-220AB 


Pin 1. Input 
2. Ground 
3. Output 


(Heatsink surface connected to Pin 2.) 


EQUIVALENT SCHEMATIC DIAGRAM 


STANDARD APPLICATION 


Acommon ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the 
output voltage even during the low point on 
the input ripple voltage. 


XX = these two digits of the type number 
indicate voltage. 


* = Cjn is required if regulator is located 
an appreciable distance from power 
supply filter. . 

** = Co is not needed for stability; how- 
ever, it does improve transient re- 
sponse. 


Output 


ORDERING INFORMATION 


Nominal Output 
Voltage Device 


5.0 V TL780-05CKC 
12V TL780-12CKC 
15V TL780-15CKC 
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TL780 Series MAXIMUM RATINGS 


Input Voltage 


Power Dissipation and Thermal Characteristics : 
Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
To = +25°C 
Derate above Tc = +75°C (See Figure 1) 
Therma! Resistance, Junction to Case 


Operating Junction Temperature Range 


Storage Temperature Range 


TL780-05C 
ELECTRICAL CHARACTERISTICS (Vin, = 10 V, lo 


= 500 mA, 0°C < Ty < +125°C unless otherwise noted [Note 1]}) 


TL780-05C 


Output Voltage Vo V 
5.0mA <I9 <1.0A,P < 15 W 
7.0V < Vin < 20 V 
Ty = +25°C 4.95 5.0 
o°c < Ty < +125°C 4.90 — 
Line Regulation (Ty = +25°C) ReGjine mV 
7.0V < Vin < 25V 
8.0V < Vin = 12 V 
Load Regulation (Ty = +25°C) ReQioad mV 
50mA<I9 <1.5A 4.0 25 
250 mA < Io < 750 mA 1.5 15 
Output Noise Voltage (Ty = +25°C) 


Ripple Rejection 
8.0 V < Vin < 18 V, f = 120 Hz 
10 Hz < f < 100 kHz 

Dropout Voltage (Ty = +25°C) Vin-VO 2.0 V 
lo = 1.0A 


Output Resistance (f = 1.0 kHz) 
Bias Current (Ty = +25°C) 
Bias Current Change 


7.0 V < Vin < 25V, Iq = 500 mA 
5.0 mA <I9 < 1.0A, Vin = 10V 


Short-Circuit Output Current (Ty = +25°C) Isc 200 mA 
Vin = 35 V 
Peak Output Current (Ty = +25°C) a a ee 


Note 1: Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 


be 
E 


Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA 


3 
E 
ol 
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TL780-12C 
ELECTRICAL CHARACTERISTICS (Vin = 19 V, |o = 500 mA, O°C < Ty < + 125°C unless otherwise noted [Note 1]) 


aor PG oe ac es 


Output Voltage Vo 
5.0mA <!I9 <1.0A,P < 15 W 
14.5V < Vin < 27 V 
Ty = +25°C 11.88 
oc < Ty < +125°C 11.76 


Line Regulation (Ty = +25°C) ReGline ; 
14.5 V < Vin < 30 
16V <Vin < 22 | 
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TL780-12C (continued) | 
ELECTRICAL CHARACTERISTICS (V;,, = 19 V, lo = 500 mA, 0°C < Ty < + 125°C unless otherwise noted [Note 1]) 


Load Regulation (Tj = +25°C) 
50mMA<I9 <1.5A 
250 mA < Ig < 750 mA 


Ripple Rejection ; | 77 
15 V < Vin < 25 V,f = 120 Hz 


Output Resistance (f = 1.0 kHz) 


Average Temperature Coefficient of Output Voltage TCVO 
lo = 5.0 mA 
Output Noise Voltage (Ty = +25°C) Vn 180 pV 
10 Hz < f < 100 kHz 
Dropout Voltage (Ty = +25°C) Vin-VO V 
lo = 1.0A 


Bias Current (Ty = +25°C) 
Bias Current Change 
14.5 V < Vin < 30 V, Io = 500 mA 
5.0 mA < Ig < 1.0A, Vin = 19 V 
Short-Circuit Output Current (Ty = +25°C) 
Vin = 35V 
Peak Output Current (Ty = +25°C) 
Note 1: Line and load regulation are specified at constant junction temperature. Changes in VQ due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
TL780-15C 
ELECTRICAL CHARACTERISTICS (Vv;,, = 23 V, lo = 500 mA, 0°C < Ty < +125°C unless otherwise noted [Note 1]) 


Characteristic 


Output Voltage 
5.0mA <I9 <1.0A,P < 15 W 
17.5 V <= Vin < 30 V 

Ty = +25°C 

orc < Ty < +125°C 

Line Regulation (Ty = +25°C) 

17.5 V < Vin < 30 V 

20V < Vin < 26 V 


Load Regulation (Ty = +25°C) 
5.0mA<I9 <1.5A 
250 mA < Io < 750 mA 


Ripple Rejection . 
18.5 V < Vin < 28.5 V, f = 120 Hz 


Output Resistance (f = 1.0 kHz) 


Average Temperature Coefficient of Output Voltage TCVO 0.18 mvV/°C 
lo = 5.0 mA 

Output Noise Voltage (Ty = +25°C) Vn 
10 Hz < f < 100 kHz 

Dropout Voltage (Ty = +25°C) Vin-VO 
lo = 10A i 


Bias Current (Ty = +25°C) | oe | — | 
Bias Current Change mA 
0.4 1.3 
0.02 0.5 
Peak Output Current (Ty = +25°C) a ee ee ee 


17.5 V < Vin < 30 V, lo = 500 mA 
Note 1: Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
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Short-Circuit Output Current (Ty = +25°C) 


E 
> 


5.0 MA < 19 < 1.0A, Vin = 23 V 
separately. Pulse testing with low duty cycle is used. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE REGULATOR PERFORMANCE 


The performance of a voltage regulator is specified by its 
immunity to changes in load, input voltage, power dissipation, 
and temperature. Line and load regulation are tested with a 
pulse of short duration (< 100 us) and are strictly a function 
of electrical gain. However, pulse widths of longer duration 
(> 1.0 ms) are sufficient to affect temperature gradients across 
the die. These temperature gradients can cause a change in 
the output voltage, in addition to changes caused by line and 
load regulation. Longer pulse widths and thermal gradients 
make it desirable to specify thermal regulation. 

Thermal regulation is defined as the change in output volt- 
age caused by a change in dissipated power for a specified 
time, and is expressed as a percentage output voltage change 


FIGURE 1 — LINE AND THERMAL REGULATION 


— ee oe 


VOLTAGE DEVIATION (V) 


A Vo, OUTPUT 
(2.0 mVidiv.) 


18 V 


eine 


Vin, INPUT 
VOLTAGE (V) 


TL780-05C t, TIME (2.0 msidiv.] 


Vo = 5.0V 
Vin = 8.0V—> 18V—>8.0V © = Regling = 2.4 mV 
lout = 110A @= Regtherm = 0.0030% Vow 


FIGURE 3 — TEMPERATURE STABILITY 


NORMALIZED OUTPUT VOLTAGE 


0 25 DU”... ao 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) 


I 


A Vo, OUTPUT 


per watt. The change in dissipated power can be caused by a 
change in either the input voltage or the load current. Thermal 
regulation is a function of I.C. layout and die attach techniques, 
and usually occurs within 10 ms of a change in power dissi- 
pation. After 10 ms, additional changes in the output voltage 
are due to the temperature coefficient of the device. 

Figure 1 shows the line and thermal regulation response of 
a typical TL780-05C to a 10 watt input pulse. The variation of 
the output voltage due to line regulation is labeled © and the 
thermal regulation component is labeled ©. Figure 2 shows 
the load and thermal regulation response of a typical TL780- 
O5C to a 15 watt load pulse. The output voltage variation due 
to load regulation is labeled © and the thermal regulation com- 
ponent is labeled ©. 


FIGURE 2 — LOAD AND THERMAL REGULATION 


VOLTAGE DEVIATION (V) 


(2.0 mV/div.) 
ole 


i 


lout, OUTPUT 
CURRENT (A) 


t, TIME (2.0 ms/div.} 


TL780-05C 
Vo = 5.0V 
Vin = 16 ® = Regline = 4.4 mV 


lout = 0A>15A—>0A @ = Regtherm = 0.0020% Vo/W 


FIGURE 4 — OUTPUT IMPEDANCE 


tg, OUTPUT IMPEDANCE (Q) 


1.0 10 100 10k 10k 
f, FREQUENCY (Hz) 


100k 10M 10M 100M 
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FIGURE 6 — RIPPLE REJECTION versus 
FIGURE 5 — RIPPLE REJECTION versus FREQUENCY | OUTPUT CURRENT 
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FIGURE 7 — BIAS CURRENT versus FIGURE 8 — BIAS CURRENT versus 
INPUT VOLTAGE . OUTPUT CURRENT 


or 
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CLC Ls tt 
OTA CCL 
SH Ht 
CCCI Ce eH 

1.0 10 


0 
0.01 0.1 
Vin. INPUT VOLTAGE (Vdc) lout, OUTPUT CURRENT (A) 


2.0 


Ip, BIAS CURRENT (mA) 
Ip, BIAS CURRENT (mA) 


1.0 


FIGURE 9 — DROPOUT VOLTAGE FIGURE 10 — PEAK OUTPUT CURRENT 


Vin-Vo, INPUT/OUTPUT VOLTAGE 
DIFFERENTIAL (VOLTS) 


Io, OUTPUT CURRENT (AMPS) 
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FIGURE 12 — LOAD TRANSIENT RESPONSE 


FIGURE 11 — LINE TRANSIENT RESPONSE 
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FIGURE 13 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 
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pA78S40 


Specifications and Applications 
Information 


UNIVERSAL SWITCHING REGULATOR SUBSYSTEM 


The »A78S40 is a monolithic-switching regulator subsystem, 
providing all active functions necessary for a switching regulator 
system. The device consists of a temperature compensated volt- 
age reference, controlled-duty cycle oscillator with an active cur- 
rent limit circuit, comparator, high-current and high-voltage out- 
put switch, capable of 1.5 A and 40 V, pinned-out power diode 
and an uncommitted operational amplifier, which can be powered 
up or down independent of the IC supply. The switching output 
can drive external NPN or PNP transistors when voltages greater 


MOTOROLA 


UNIVERSAL 


SWITCHING REGULATOR 


SUBSYSTEM 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


D SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


than 40 V, or currents in excess of 1.5 A, are required. Some of 
the features are wide-supply voltage range, low standby current, 
high efficiency and low drift. The 4A78S40 is available in both 
commercial (0°C to + 70°C) and military (—55°C to + 125°C) tem- 
perature ranges. 

Some of the applications include use in step-up, step-down, 
and inverting regulators, with extremely good results obtained 
in battery-operated systems. 

@ Output Adjustable from 1.25 V to 40 V 

@ Peak Output Current of 1.5 A Without External Transistor 
e 80 dB Line and Load Regulation 

® Operation from 2.5 V to 40 V Supply 


@ Low Standby Current Drain 


P SUFFIX 
PLASTIC PACKAGE ; 
CASE 648-05 


PIN CONNECTIONS 


@ High Gain, High Output Current, Uncommitted Op Amp 


Diode 
Cathode 
Diode 
Anode 
Switch 
Emitter 


Switch 
Collector 
Driver 
Collector 


BLOCK DIAGRAM 


Non-Inv Inv Timing lok Driver Switch 
Input Input Gnd Capacitor Vcc Sense Collector Collector 
Timing 
Capacitor 


Non-Inverting 
Input 


CT 


Op Amp 
Inverting 
Input 


Comparator 
Inverting 
Input 


9 | Comparator 
Oscillator Non-Inverting 
Input 


(Top View) 


1.25 V 


Inv Non-lnv Vcc Output Switch Diode Diode 
Output =‘Input Input Op Amp Emitter Anode Cathode 


ORDERING INFORMATION 


Face | EE | ae 
Range Package 
= 55°C to + 125°C 
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MAXIMUM RATINGS 


Power Dissipation and Thermal 
Characteristics 
Plastic Package — Ta = +25°C 
Derate above + 25°C (Note 1) 
Ceramic Package — Ta = 25°C 
Derate above + 25°C (Note 1) 8.0 


Storage Temperature Range —65 to + 150 


Operating Temperature Range 
pA78S40M 
pA78S40C 


Notes: 
1. Tlow 


~ 55°C for nA78S40DM 

0°C for wA78S40DC and »A78S40PC 

+ 125°C for uA78S40DM 

+70°C for zA78S40DC and nA78S40PC 

2. For supply voltages less than 30 V the maximum differential input voltage (Error Amp and 
Op Amp) is equal to the supply voltage. 


tou do 


Thigh 


ELECTRICAL CHARACTERISTICS (Vcc = Vcc (Op Amp) = 5.0 V, Ta = Tlow to Thigh unless otherwise noted.) 


Symbol | Min | Typ | Max | Unit __| 


GENERAL 
Supply Voltage 


Supply Current (Op Amp Vcc Disconnected) 
(Vcc = 5.0 V) 
(Vcc = 40 V) 


Supply Current (Op Amp Vcc Connected) 
(Vcc = 5.0 V) 
(Vcc = 40 V) 


. REFERENCE 
Reference Voltage Vref : 
(lref = 1.0 mA) 
Reference Voltage Line Regulation Regline mvV/V 
(3.0 V < Vcc < 40 V, lref = 1.0 mA, Ta = 25°C) 
'| Reference Voltage Load Regulation Regioad | : 
(1.0 MA < lref < 10 mA, Ta = 25°C) | 
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ELECTRICAL CHARACTERISTICS (Continued) 


Characteristic | Symbol | = Min | Typ | Max | Unit | 
OSCILLATOR ; | | 


Charging Current (Ta = 25°C) 
(Vcc = 5.0 V) 
(Vcc = 40 V) 


Discharge Current (Ta = 25°C) 
(Vcc = 5.0 V) 


(Vcc = 40 V) 


Oscillator Voltage Swing (Ta = 25°C) 
(Vcc = 5.0 V) 


Ratio of Charge/Discharge Time 
CURRENT LIMIT 


Current-Limit Sense Voltage (Ta = 25°C) Vets 250 mV 
(Vcc — Vink Sense) 


OUTPUT SWITCH 


Output Saturation Voltage 1 
(Isw = 1.0 A, Pin 15 tied to Pin 16) 


Output Saturation Voltage 2 
(Isw = 1.0 A, 145 = 50 mA) 


Output Transistor Current Gain (Ta = 25°C) 
(Ic = 1.0 A, VcE = 5.0 V) 


Output Leakage Current (Ta = 25°C) 
(VCE = 40 V) 


POWER DIODE 


Forward Voltage Drop (ip = 1.0 A\ a ee ee Ce 
Diode Leakage Current (Ta = 25°C) (VpR = 40V) | ip fl 


COMPARATOR 


OUTPUT OPERATIONAL AMPLIFIER 


Input Offset Voltage (Vcm = 2.5 V) | Vo | — | 
Input Bias Current (Vom = 2.5 V) ee eee 
Input Offset Current (VcM = 2.5 V) ae oe 


Voltage Gain + (Ta = 25°C) 
(RL = 2.0 kQ to Gnd, 1.0 V < Vg < 2.5 V) 


Voltage Gain — (Ta = 25°C) 
(RL = 2.0 kQ to Vcc (Op Amp), 1.0 V < Vo < 2.5 V) 


Common-Mode Voltage Range (Ta = 25°C) VICR ae 


Common-Mode Rejection Ratio (Ta = 25°C) CMRR 76 
(VcmM = 0 to 3.0 V) 


Power-Supply Rejection Ratio (Ta = 25°C) 
(3.0V <Vcc (Op Amp) < 40 V) | 


Output Source Current (Ta = 25°C) 


Output Sink Current (Ta, = 25°C) 
Slew Rate (Ta = 25°C) ae 
Output Low Voltage (Ta = 25°C, lL = —5.0 mA) | Vo | — | 


Output High Voltage (Ta = 25°C, ly = 50 mA) Vcc (Op Amp) 
~3.0 


a 

| 5.0 

| | 
Power-Supply Rejection Ratio (Ta = 25°C) cA 

(3.0=<Vcc <40V) | 

ae eee 

| 30 

| 50 | 
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FIGURE 1 — OUTPUT SWITCH ON/OFF TIME FIGURE 2 — STANDBY SUPPLY CURRENT 
versus OSCILLATOR TIMING versus SUPPLY VOLTAGE 
CAPACITOR 


1000 = 


Cr = 0.001 uF 


Ipk(sense) = VCC 
Pin 3 = Gnd 


100 


lec, SUPPLY CURRENT (mA) 


ton-off, OUTPUT SWITCH ON-OFF TIME (js) 


aaee 
= 
25 


Cy, OSCILLATOR TIMING CAPACITOR (nF) Voc: SUPPLY VOLTAGE (VOLTS) 
FIGURE 3 — EMITTER-FOLLOWER CONFIGURATION FIGURE 4 — COMMON-EMITTER CONFIGURATION 
OUTPUT SWITCH SATURATION VOLTAGE OUTPUT SWITCH SATURATION VOLTAGE 

versus EMITTER CURRENT versus COLLECTOR CURRENT 

e Vee = BOY 7 i oe V Me aliete deena ele alc 
3 Pins 14, 15,16 = Vcc e 1.0 F Pins 3, 10, ee Gnd t— Darlington Connection 

nr Pins 10, 12 = Gnd S t= ae a 
: ig Oct mG 
S z 06 Ee = 
e S a 
et. E04 ia ae Di 
3 Ee aes 
By ahs a a 
g i Paes Mic ee be eels 
* SEE CECEE Eee 


le, EMITTER CURRENT (AMPS) Ic, COLLECTOR CURRENT (AMPS) 
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FIGURE 5 — STEP-DOWN CONVERTER 


25 
ne RSC 
a 0.33 
= 470 
pF ; 
14] 16 
CT lk 
Oscillator 
le 
' 1N5822 
L 
Vout 
O 5.0 V/500 mA 
R121. = 
1.2 k 470 Fo 
_t. *Use external rectifier 1. 
ia to increase circuit efficiency . ia 
FIGURE 6 — STEP-UP CONVERTER 
Vin 
12V~ Tq 


eae 


9D Vout 


47 k , 28 V/175 mA 


R1 22.2 k | 150 
*Use external rectifier [co 


= to increase circuit efficiency 
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FIGURE 7 — INVERTING CONVERTER Y 
out 
Vin D45H8 1N5822 —15 V/500 mA 


Rsc 


+ 
0.30 
100°] 


CT pk 
Oscillator 


FIGURE 8 — DESIGN FORMULA TABLE 


— Vout + VEO Vout + VE — Vin(min) lVoutl + VF 
oe ae eat Vout Vin(min) ~ Vsat Vin(min) = Vsat 


rae 
—— 
inn fmin fmin 
See 
0.33 


4x 10-5 ton 
ton + toff ‘on er 
loff 
Se 
ash pk(switch) er 
pkwich lbk(switch) lewis 

Bac D) ~ Neisole aoe 

Vsat = Saturation voltage of the output switch. VF = Forward voltage drop of the ringback rectifier. 


The following power supply characteristics must be chosen: 
Vin — Nominal input voltage. If this voltage is not constant, then use Vin(max) for step-down and Vjn(min) for step- 
up and inverting convertor. 


2 lout(max) 2 lout(max) (: 


Vout — Desired output voltage, Voyt = 1.25 ( Bs ay for step-down and step-up; Vout = ene for Inverting. 


lout — Desired output current. 

fmin — Minimum desired output switching frequency at the selected values for Vin and lo. 

Vripple(p-p) — Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased 
due to the capacitor’s equivalent series resistance and board layout. The ripple voltage should be 
kept to a low value since it will directly effect the line and load regulation. 


i SS SS 
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| MOTOROLA LINEAR/INTERFACE DEVICES 


Voltage References 


Device 


LM285 
LM385 
MC1400,A 
MC1403,A 
MC1404,A 
MC1500,A 
MC1503,A 
MC1504,A 
TL431 


VOLTAGE REFERENCES _- 


- Function 


Micropower Voltage Reference DiOdeS ............ccesseeeseeees errr reat 
Micropower Voltage Reference Di0de .............cssceeseseeeeeesseeeeeeeeeentenenesseseaanesenegs 
Precision: Voltage: RElGrenCeS siiciavses oss Resvexeteeancitareecotenesisceveatsonsstesbetrniaeaubapesvaes 
Precision Low-Voltage Reference... eer nen Ke rT 
Precision Low-Drift Voltage Reference ..........ccccesecsseeeeeesesseteeeeeeeeeeeeseaaeaneeseeees 
Precision Voltage References ............... aiesctcnaca'-decneaciau aaines caameadiae we iaeeinceees 
Precision Low-Voltage Reference ............... RO err oieaasanaciaawaieutcman 
Precision Low-Drift Voltage Reference ............cccceccceceeeteeseeseeeeeeensneeenenenueenenenenens 
Programmable Precision References .........cccccccesseceseeesescssseeessesseeeseesessseeenesenegs 
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MICROPOWER VOLTAGE REFERENCE DIODES MICROPOWER VOLTAGE 
REFERENCE DIODES 
The LM285/LM385 series are micropower two-terminal band- 
gap voltage regulator diodes. Designed to operate over a wide SILICON MONOLITHIC 
current range of 10 wA to 20 mA, these devices feature excep- INTEGRATED CIRCUIT 
tionally low dynamic impedance, low noise and stable operation 
over time and temperature. Tight voltage tolerances are achieved 
by on-chip trimming. The large dynamic operating range enables 
these devices to be used in applications with widely varying sup- 
plies with excellent regulation. Extremely low operating current 
make these devices ideal for micropower circuitry like portable 
ane TO-226AA 
instrumentation, regulators and other analog circuitry where ex- (TO-92) 
tended battery life is required. PLASTIC PACKAGE 
The LM285/LM385 series are packaged in a low cost TO-226AA 
(TO-92) plastic case and are available in two voltage versions of 
1.235 and 2.500 volts as denoted by the device suffix (see ordering 
information table). The LM285 is specified over a — 40°C to + 85°C 
temperature range while the LM385 is rated from 0°C to + 70°C. 


Z SUFFIX 
CASE 29-02 


@ Operating Current from 10 vA to 20 mA 
@ 1.0%, 1.5%, 2.0% and 3.0% Initial Tolerance Grades 
@ Low Temperature Coefficient 


(Bottom View) 


10S hae AMIPCance STANDARD APPLICATION 
e@ Available in 1.235 and 2.500 Volt Versions 


Lov 
Battery 


I 


EQUIVALENT CIRCUIT SCHEMATIC 


LM385-1.2 


360 k 
Open 
for 1.235 V 


LM285Z-1.2 

LM2852Z-2.5 

LM385BZ-1.2 | O°C to 

+70°C 

LM385Z-1.2 1.235 +2.0% 
Volts . 

LM385B2Z-2.5 2.500 +1.5% 
Volts 

LM3852-2.5 2.500 + 3.0% 
Volts 
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ss LM285, LM385 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 
Rating 
Reverse Current 


| Forward Current 


Operating Ambient Temperature Range 


LM285 ~40 to +85 
LM385 | 0 to +70 


Operating Junction Temperature 


| Storage Temperature Range 
| ELECTRICAL CHARACTERISTICS (Ta = 25° unless otherwise noted) 


aaa 1.2 LM385-1.2/LM385B-1.2 
Characteristic | Max | min | Typ | Max | 


Reverse Breakdown Voltage V(BR)R 
IRmin <= !|R = 20 mA 
LM285-1.2/LM385B-1.2 1.223 | 1.235 | 1.247 | 1.223 | 1.235 | 1.247 
LM385-1.2 _ 1.205 | 1.235 | 1.260 


Minimum Operating Current 2.5 
(TA = Tlow to Thigh Note 1) 


Reverse Breakdown Voltage Change with Current AV(BR)/AlR m 
IRmin < IR < 1.0 mA, Ta = +25°C 1.0 1.0 
1.0 mA < IR = 20 mA, Ta = +25°C 10 20 
TA = Tlow to Thigh (Note 1) 20 25 . 
9) 
IR = 100 pA, Ta = +25°C 0.2 fe 
TA = Tlow to Thigh (Note 1) 
Average Temperature Coefficient a ppm/°C 
10 wA < IR < 20 mA, TA = Tigw to Thigh (Note 1) 
Wideband Noise (RMS) 
IR = 100 wA, 10 Hz < f < 10 kHz 


Reverse Dynamic Impedance 


IR = 100 pA, Ta = +25°C +0.1°C 
ELECTRICAL CHARACTERISTICS (Ta = 25° unless otherwise — 


| LM285-2.5 LM385-2.5/LM385B-2. | 
Characteristic 


| Min | typ | Max | min | Typ | Max | 
Reverse Breakdown Voltage 


20 pA <= IR < 20 mA 
LM285-2.5/LM385B-2.5 
LM385-2.5 
Minimum Operating Current 
TA = Tlow tO Thigh (Note 1) 
ae 
1.0 2.0 
1.5 2.5 
be 20 
25 
D 
IR = 100 pA, Ta = +25°C ne 
TA = Tiow to Thigh (Note 1) 
Average Temperature Coefficient ae ppm/°C 
Wideband Noise (RMS) 
IR = 100 pA, 10 Hz = f < 10 kHz 
Long Term Stability ppm/kHR 
IR = 100 pA, Ta = +25°C +0.1°C 


NOTES: |1. Tiow = —40°C for LM285-1.2, LM285-2.5 Thigh = +85°C for LM285-1.2, LM285-2.5 
= 0°C for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B-2.5 = +70°C for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B-2.5 


Reverse Breakdown Voltage Change with Current 
20 pA < IR < 1.0 mA, Ta = +25°C 
TA = Tlow to Thigh (Note 1) 
1.0 MA < IR < 20 mA, Ta = +25°C 


Reverse Dynamic Impedance 
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LM285, LM385 


IR, REVERSE CURRENT (1A) 


Ve, FORWARD VOLTAGE (V) 


Hz) 


en, NOISE (nV/ 


TYPICAL PERFORMANCE CURVES FOR LM285-1.2/385-1.2/385B-1.2 


FIGURE 1 — REVERSE CHARACTERISTICS 
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FIGURE 3 — FORWARD CHARACTERISTICS 
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FIGURE 5 — NOISE VOLTAGE 
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FIGURE 2 — REVERSE CHARACTERISTICS 
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FIGURE 6 — RESPONSE TIME 
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LM285, LM385 


TYPICAL PERFORMANCE CURVES FOR LM285-2.5/385-2.5/385B-2.5 


FIGURE 7 — REVERSE CHADACTEnIStcS 
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FIGURE 9 — FORWARD CHARACTERISTICS 
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FIGURE 11 — NOISE VOLTAGE 
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FIGURE 8 — REVERSE CHARACTERISTICS 


IR, REVERSE SURGE (mA) 


FIGURE 10 — TEMPERATURE DRIFT 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 12 — RESPONSE TIME 
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(AA) MOTOROLA 


Specifications and Applications 
Information 


TIGHT-TOLERANCE, LOW-DRIFT 
VOLTAGE REFERENCE FAMILY 


The MC1400 series of ICs is a family of temperature-compen- 
sated voltage references for precision data conversion and in- 
strumentation applications. Advances in thin-film resistors, laser- 
trimming techniques, ion-implanted devices, and monolithic fab- 
rication techniques make this reference both temperature and 
time stable in applications demanding accuracy to the 12-bit level. 

These devices offer simple, no-external-component operation 
as three-terminal, positive-voltage references, and also simple, 
one-external-resistor operation as either positive or negative ref- 
erences. Unique circuitry permits these devices to either source 
or sink greater than 10 mA of load current with excellent regu- 
lation. This feature means that the buffer amplifiers and current 
sources normally required for precision zener references can be 
eliminated. 


e Four Different Output Voltages: 2.5, 5.0, 6.25, 10 V 
@ Tight Absolute Accuracy: +0.2% Maximum Initial Tolerance 
@ Single-Component Output Trimming Without Degrading Tem- 
perature Coefficient ; 
@ Wide Input Voltage Range: (Voyt + 1.0 V) < Vin < 40 V 
@ Three-Terminal Operation: 
Positive References That Can Source and Sink Current 
@ Two-Terminal Operation: © | 
Positive or Negative References 
Floating References ; 


@ Low Current Consumption: 1.0 mA Typical 

@ Very Low Temperature Coefficient 

@ Low Output Noise Voltage 

@ Excellent Ripple Rejection: 87 dB Typical at 120 Hz 

@ Excellent Long Term Stability: 25 ppm/1000 Hrs Typical 


MC1400,A 
MC1500,A 


PRECISION 
VOLTAGE REFERENCES 


2.5, 5.0, 6.25 and 10-VOLT 


LASER-TRIMMED SILICON 
MONOLITHIC INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601-04 


(Top View) 


ORDERING INFORMATION 


Temperature Range 


2.5 Volts 


MC1500G2 
MC1500AG2 
MC1400G2 
MC1400AG2 


-— 55°C to + 125°C 
— 55°C to + 125°C 
0°C to + 70°C 
0°C to +70°C 


5.0 Voits 


MC1500G5 
MC1500AG5 
MC1400G5 

MC1400AG5 


6.25 Volts 


MC1500G6 
MC1500AG6 
MC1400G6 
MC1400AG6 


10 Volts 


MC1500G10 
MC1500AG10 
MC1400G10 


— 55°C to + 125°C 
~— 55°C to + 125°C 
0°C to + 70°C 
o°c to + 70°C 


~ 55°C to + 125°C 

— 55°C to + 125°C 
0°C to + 70°C 
0°C to +70°C 


—55°C to + 125°C 
— 55°C to + 125°C 
0°C to +70°C 
0°C to +70°C 


MC1400AG10 
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MC1400,A, MC1500,A 


i MAXIMUM RATINGS 


_ Symbol _—Valwe | nie | 
| Applied Voltages 


—0.3 to +40 
—0.3 to +5.0 


Load Current 


VTEMP., Pin 3 
Output, Pin 6 


sirens Temperature —65 to +150 
a 


Operating Ambient Temperature Range 
MC1500,A —55 to +125 
MC1400,A 0 to +70 


| : 
Output Short Circuit Duration seconds 
To Ground a ke 
To Vin 


ELECTRICAL CHARACTERISTICS (Vj, = 15 Volts, Ta = 25°C and Trim Terminal not connected unless otherwise noted) 


Output Voltage 
(lo = 0 mA) G2, AG2 
G5, AG5 
G6, AG6 

G10, AG10 


Output Voltage Tolerance 
Output Trim Range (Rp = 100 kQ) 


Temperature Coefficient (Notes 1, 4) 
MC1400A/1500A 


Line Regulation (Note 2) 


(Vin = 3.5 V to 40 V) G2, AG2 
(Vin = 6.0 V to 40 V) G5, AG5 
(Vin = 7.5 V to 40 V) G6, AG6 


Ee 
~ = 


a 
G6, AG6 


Zener Mode Regulation (Figure 1) 
3.0 
6.0 
Hs 
G10, AG10 


(1.0<|z<10 mA) G2, AG2 
Cc es ee re 


(Vin = 11.5 V to 40 V) 


Load Regulation (Note 3) 
(—10<l,<+10 mA) 


G10, AG10 


G5, AG5 


ppm/1000 hrs 


NOTES: 
1. Tmin = —55°C for MC1500,A 
= 0°C for MC1400,A 
Tmax = +125°C for MC1500,A 


+ 70°C for MC1400,A 

2. Line Regulation is defined as the maximum excursion in output voltage over a given change in input solide with zero load current and junction 
temperature constant. _ 

3. Load Regulation is defined as the maximum excursion in output voltage over a given change in load current with a constant input supply voltage 
of +15 volts and a constant junction temperature. 

4. Temperature Coefficient of the output voltage (TCV) is defined as the maximum change in output voltage over applicable temperature divided 
by the device operating temperature range and expressed as ppm/°C. 
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MC1400,A, MC1500,A 


NORMALIZED OUTPUT VOLTAGE 


Turn-On Settling Time (Figure 2) 
(to +0.01%) 


Output Noise Voltage — P to P 


(0.1<f<10 Hz) 


TYPICAL CHARACTERISTICS 


FIGURE 1 — ZENER MODE REGULATION 


TEST CIRCUIT 


NOTE: I, is the net current flowing into the device. 


FIGURE 3 — NORMALIZED OUTPUT VOLTAGE 


versus TEMPERATURE 


IL =O mA 
Vo/Vg (25°C) 


0.008 


AVout. LINE REGULATION (%/V) 
[=] 
S 
> 


0.003 
0.002 
+25 +50 +75 +100 +125 " -50 -25 0 +25 +50 +75 


Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 2 — TURN-ON SETTLING TIME TEST CIRCUIT 


FIGURE 4 — LINE REGULATION versus TEMPERATURE 


MC1400,A, MC1500,A 


FIGURE 5 — LOAD REGULATION versus TEMPERATURE 
0.04 


oS 
2 
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AVouyt, LOAD REGULATION (%/mA) 


0.005 
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Tn, AMBIENT TEMPERATURE 


FIGURE 7 — OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 9 — QUIESCENT CURRENT versus 
TEMPERATURE 


Ig. QUIESCENT CURRENT (mA) 


Ty. AMBIENT TEMPERATURE 


AV7z, ZENER REGULATION (%/mA) 


1000 


FIGURE 6 — ZENER MODE REGULATION ; 
versus TEMPERATURE 


_ Iz, Zener Current Change 2.0 mA to 10 mA 
(Test Circuit per Figure 1) 


Ta, AMBIENT TEMPERATURE 


FIGURE 8 — POWER SUPPLY REJECTION RATIO 
versus FREQUENCY 
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FIGURE 10 — Vtemp. OUTPUT versus TEMPERATURE 
1.2 


VTemp Output Current = 10 nA 


0.8 


Vremp. TEMPERATURE OUTPUT (V) 


25 


50 
Ta, AMBIENT TEMPERATURE (°C) 
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MC1400,A, MC1500,A 


FIGURE 11 — OUTPUT TRIM CONFIGURATION FIGURE 12 — FIXED REFERENCE 


15V 
oe +15 V 
e@ 


= Output Adjustment 


The MC1400 trim terminal can be used to adjust the output 
voltage over a +6% range. For example, the output can be set to 
10.000 V or to 10.240 V for binary applications. For trimming, *For better stability, transient response, and minimum noise voltage, 
Bourns type 3059, 100 kQ or 200 kf. trimpot is recommended. the device should be bypassed with a 0.1 uF ceramic capacitor from 
Although the circuit of Figure 11 allows a wide trim range, Pins 6 to 4 as shown. 
trimming should be kept to < +6% in applications requiring low 
temperature coefficents. 


FIGURE 14 — TRIMMABLE FLOATING REFERENCE 
FIGURE 13 — NEGATIVE REFERENCE OPERATION OPERATION 


V- 


*For better stability, transient response, and minimum noise voltage, the device should be bypassed with a 0.1 wF ceramic and a 10 uF electrolytic 
capacitor from Pins 6 to 4 as shown. 


i 
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MC1403,A 
MC1503,A MOTOROLA 


LOW-VOLTAGE REFERENCE PRECISION LOW-VOLTAGE 


REFERENCE 


A precision band-gap voltage reference designed for critical 
instrumentation and D/A converter applications. This unit is 
designed to work with Motorola MC1506, MC1508, and MC3510 
D/A converters, and MC14433 A/D systems. Low temperature drift 
is a prime design consideration. 


® Output Voltage = 2.5 V +25 mV 

@ Input Voltage Range =4.5 V to 40 V 

® Quiescent Current = 1.2 mA typ 

® Output Current = 10 mA 

@ Temperature Coefficient = 10 ppm/°C typ 
e 

e 

e 


LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


Guaranteed Temperature Drift Specification 
Equivalent to AD580 
Standard 8-Pin DIP Package 


Typical Applications 
@ Voltage Reference for 8-12 Bit D/A Converters 
@ Low Tc Zener Replacement 

@ High Stability Current Reference 

Voltmeter System Reference 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


a v 
TA 


Operating Ambient Temeprature Range 
~55 to +125 
Oto +70 


Temperature 
Device Range Package 


MC1503,A 
MC1403,A 


Pins Numbers for 
MC1508/1408/3408 


| 

+5.0V 0 | 
Series; device | 
| 

| 


|mc1403, al 2 
Series 


Amplifier 


could also be 
MC1506/1406 or MC3510/3410 


PROVIDING THE REFERENCE CURRENT recommended to provide means for full-scale adjust on the 
FOR MOTOROLA MONOLITHIC D/A CONVERTERS D/A converter. 
The resistor R3 improves temperature performance by 
The MC1403/1503 makes an ideal reference for the matching the impedance on both inputs of the D/A reference 
Motorola monolithic D/A converters. The MC1406/1506, amplifier. The capacitor decouples any noise present on the 
MC1408/1508, MC3410/3510 and MC3408 D/A converters all reference line. It is essential if the D/A converter is located any 
require a stable current reference of nominally 2.0 mA. This appreciable distance from the reference. 
can be easily obtained from the MC1403/1503 with the A single MC1403/1503 reference can provide the required 
addition of a series resistor, R1. A variable resistor, R2, is current input for up to five of the monolithic D/A converters. 


i ee 
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MC1403,A, MC1503,A 


ELECTRICAL CHARACTERISTICS (Vv; = 15 V, Ta = 25°C unless otherwise noted.) 


Output Voltage 2.475 
(Io = 0 mA) 


Temperature Coefficient of Output Voltage 
MC1503 
MC1503A 
MC1403 
MC1403A 


Output Voltage Change 
(over specified temperature range) 
ME1S03 | 85°C to +126°C 
MC1503A 
MC1403 

MC1403A 


\ 0° to +70°C 


Line Regulation 
(15V <V; <40V) 


Regline 
(445V<V,;<15V) d 
Load Regulation Regigad 10 mV 
(0 mA < Ig < 10 mA) 
Quiescent Current . 
(lo =OmA) 


FIGURE 2 — MC1403/1503 SCHEMATIC 
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FIGURE 4 — CHANGE IN OUTPUT VOLTAGE. 
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FIGURE 6 — CHANGE IN Voy; versus TEMPERATURE 
(NORMALIZED TO Voy @ Vin = 15 V) 
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FIGURE 7 — CHANGE IN Vout versus TEMPERATURE 
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FIGURE 3 — TYPICAL CHANGE IN Vout versus Vin 


FIGURE 5 — QUIESCENT CURRENT versus TEMPERATURE 
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MC1403,A, MC1503,A 


3-1/2-DIGIT VOLTMETER — COMMON ANODE 
DISPLAYS, FLASHING OVERRANGE 


An example of a 3-1/2-digit voltmeter using the 
MC14433 is shown in the circuit diagram of Figure 8. 
The reference voltage for the system uses an MC1403 
2.5 V reference IC. The full scale potentiometer can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 2 V to 200 mV operation, Ry is also 
changed, as shown on the diagram. 

When using Rc equal to 300 kQ2, the clock frequency 
for the system is about 66 kHz. The resulting conversion 
time is approximately 250 ms. 

When the input is overrange, the display flashes on 
and off. The flashing rate is one-half the conversion rate. 


This is done by dividing the EOC pulse rate by 2 with 
1/2 MC14013B flip-flop and blanking the display using 
the blanking input of the MC14543B. 

The display uses an LED display with common anode 
digit lines driven with an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 Darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS-A12 
Darlington transistors operating in an emitter-follower 
configuration. The MC14543B, MC14013B and LED 
displays are referenced to VEE via pin 13 of the MC14433. 
This places the full. power supply voltage across the 
display. The current for the display may be adjusted by 
the value of the segment resistors shown as 150 ohms 
in Figure 8. 


FIGURE 8 — 3-1/2-DIGIT VOLTMETER 
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14 


0.1uF 15 19 18 17 16 


*R, = 470 kQ for 2 V Range 


R, = 27 kQ for 200 mV Range 
*“*Mylar Capacitor 


Segment Resistors 


150Q. (7) 
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MC1404,A 


MC1504,A 


VOLTAGE REFERENCE FAMILY 


The MC1404 series of ICs is a family of temperature- 
compensated voltage references for precision data conversion 
applications, such as A/D, D/A, V/F, and F/V. Advances in laser- 
trimming and ion-implanted devices, as well as monolithic fab- 
rication techniques, make these devices stable and accurate to 12 
bits over both military and commercial temperature ranges. In 
addition to excellent temperature stability, these parts offer ex- 
cellent long-term stability and low noise. 


e Output Voltages: Standard, 5.0 V, 6.25 V, 10 V 

@ Trimmable Output: > +6% 

e Wide Input Voltage Range: Vref + 2.5 V to 40 V 
e@ Low Quiescent Current: 1.25 mA Typical 

e@ Temperature Coefficient: 10 ppm/°C Typical 

@ Low Output Noise: 12 nV p-p Typical 

e Excellent Ripple Rejection: > 80 dB Typical 


TYPICAL APPLICATIONS 

e@ Voltage Reference for 8- 12 Bit D/A Converters 
@ Low Tc Zener Replacement 

@ High Stability Current Reference 

@ MPU D/A and A/D Applications 


FIGURE 1 — VOLTAGE OUTPUT 10-BIT DAC USING MC1404U 10 
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(AA) MOTOROLA 


PRECISION LOW-DRIFT 
VOLTAGE REFERENCES 


5.0, 6.25, and 10-VOLT OUTPUT VOLTAGES 


LASER TRIMMED SILICON 
MONOLITHIC INTEGRATED CIRCUIT 


Sg 


: 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


ORDERING INFORMATION 


PACKAGE (ALL TYPES) 
Ceramic DIP 


5.0 Volts 
MC1504U5 ~55°C to +125°C 
MC1504AU5 -55°C to + 125°C 
MC1404U5 0°C to +70°C 
MC1404AU5 0°C to +70°C 
6.25 Volts 


MC1504U6 -55°C to + 125°C 

MC1504AU6 -55°C to +125°C 

MC1404U6 0°C to +70°C 

MC1404AU6 0°C to +70°C 
10 Volts 

MC1504U10 -55°C to +125°C 

MC1504AU10 -55°C to +125°C 


MC1404U10 0°C to +70°C 
MC1404AU10 0°C to +70°C 
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MC1404,A, MC1504,A 


MAXIMUM RATINGS 


Input Voltage 


Storage Temperature -65 to +150 


Junction Temperature +175 


Operating Ambient Temperature Range 
MC1504,A -55 to +125 
MC1404,A 0 to +70 


| Max | Min | Typ | Max_| 
Volt 
4.95 5.00 5.05 4.95 5.00 5.05 
6.19 e 6.31 6.19 po 6.31 
9.90 10.10] 9.90 10.10 
Output Voltage Tolerance ee 
MC1404AU6, MC1504AU6 


Output Trim Range (Figure 10) AVTRIM 
(Rp = 100 k2) 
MC1404U10, MC1504U10 


Output Voltage Temperature Coefficient, 


Output Voltage 
(lg =O mA) 


U6, AU6 
U10, AU10 


MC1404, MC1504 
MC1404A, MC1504A 
Maximum Output Voltage Change 

Over Temperature Range 
MC1404U5, MC1504U5 
MC1404AU5, MC1504AU5 

MC1404U6, MC1504U6 


Over Full Temperature Range 

Line Regulation (1) Regjine 
(Vin = Vout + 2.5 V to 40 V, lout = 0 mA) 

Load Regulation (1) Regload 
(0 < lg < 10 mA) 


Quiescent Current 
(lg =O mA) 


Short Circuit Current ix Sees tl 


= imi ea 
| 15 | 2 
we 


Note 1: Includes thermal effects. 


DYNAMIC CHARACTERISTICS (vj, = 15 V, Ta = 25°C all voltage we unless otherwise noted) 


Turn-On Settling Time 
(to +0.01%) 


Output Noise Voltage — P to P 
Small-Signal Output Impedance 
120 Hz 
500 Hz 


Power Supply Rejection Ratio 
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MC1404,A MC1504,A 


TYPICAL CHARACTERISTICS 


FIGURE 2 — SIMPLIFIED DEVICE DIAGRAM 


TRIM 


VTEMP 


FIGURE 4 — OUTPUT VOLTAGE versus TEMPERATURE 
MC1404U10 


Vout OUTPUT VOLTAGE (V) 


-50 -25 QO +25 +50 +75 +100 +125 
Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — POWER SUPPLY REJECTION RATIO 
versus FREQUENCY 


CITRATE TT 
CLAIM TIMI CTT A TT 


\ 
UR 
PATEL I 


PSRR, POWER SUPPLY REJECTION RATIO (dB) 


1.0 10 
f, FREQUENCY (kHz) 


AVoyt, LOAD REGULATION (%/mA) 


FIGURE 3 — LINE REGULATION versus TEMPERATURE 
2.5 


E 
2 
a 15 
—t 
: mrs 
oO 
Wu 
ae Vin = Vref + 2.5 V to 40 V 
= lout = OmA 
3 
7 pf 
0 


~25 0 +25 +60 +75 
Ta, AMBIENT TEMPERATURE (9¢) 


+100 = +125 


FIGURE 5 — LOAD REGULATION versus TEMPERATURE 
0.010 


0.008 
0.006 


0.004 


aa ee 
+ 


+75 +100 +125 


Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 7 — QUIESCENT CURRENT versus TEMPERATURE 
1.6 


| | 
eee 


Iq, QUIESCENT CURRENT (mA) 


-50 -25 0 +25 +50 +75 +100 +125 
Ty, AMBIENT TEMPERATURE (°C) 
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MC1404,A, MC1504,A 


FIGURE 8 — SHORT CIRCUIT CURRENT versus TEMPERATURE 


lsc, SHORT CIRCUIT CURRENT (mA) 


-§0 -25 O +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — OUTPUT TRIM CONFIGURATION 


+15 V 


= Output Adjustment 


The MC1404 trim terminal can be used to adjust the output 
voltage over a +6% range. For example, the output can be set to 
10.000 V or to 10.240 V for binary applications. For trimming, 
Bourns type 3059, 100 kQ or 200 kQ trimpot is recommended. 

Although Figure 10 illustrates a wide trim range, temperature 
coefficients may become unpredictable for trim > +6.0%. 


MC1404U5 


FIGURE 9 — V7EMmp OUTPUT versus TEMPERATURE 


Vremp. TEMPERATURE OUTPUT (V) 


- 50 -25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 11 — PRECISION SUPPLY USING MC1404 


OVt 


330 
MPS-U51A 
5.0, 6.25, 
Vin 10 V @ 1/2 Amp 
Vo 
MC1404 


Output Power Boosting 


The addition of a power transistor, a resistor, and a capacitor 
converts the MC1404 into a precision supply with one ampere 
current capability. At V+ = 15 V, the MC1404 can carry in excess 
of 14 mA of load current with good regulation. If the power 
transistor current gain exceeds 75, a one ampere supply can 
be realized. 


FIGURE 12 — ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR 


Supply 


5(7) 


8(12) 7(11) 


= 0.001 UF 


MC1723G 
(MC1723L or P) 


6(10) Ree 


O Vout 
Ro + 4.7 k 
Vout = 5.0 ™ —aIk 
| a 0.6 V 
Ro omax Rec 
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MC1404,A, MC1504,A 


FIGURE 13 — 5.0 V, 6.0 AMP, 25 kHz SWITCHING REGULATOR WITH SEPARATE ULTRA-STABLE REFERENCE 


+10to +30 in 


2N5879 Teo en 


+5.0 Out 
200 mA to 6.0 Amps 


0.01 WF 
oo: Ceramic 


1000 uF 0.01 UF 
50 V 50 V 
—- Ceramic 


5000 uF 
1IN3889 ~| 68v 


Tikew ESR) 


2 Motorola 
| 
6 
Pulse Width | lie 
Modulator 
MC1404U5 
5 100 k 
TLBIM Oscillator 
(opt) 
Spy @ k 


4 
0.005 uF 


on - -_ 


* 40 Turns #16 Wire, Arnold A-894075-2 Ferrite Core 


FIGURE 14 — HIGH SPEED 8-BIT D/A CONVERTER USING MC1404U10 
les is set to 51.000 mA with R1 


50.0 22 
0 = Transmission Line 
~ : e % oT 3 0. 1% Vout = 1-25 V FS Settling Time, 
0 _—) | 
aw Typically 10 ns 
fa 
O “il: 
5 
50 
0.01% = 0.01% — 


13 
Inputs are eee a + R1 1k 
MeECL- 10K MC10318L = 5 4 
Compatible *R2 2.4 k +10 V 

12 6 3 = 


we Allen- 0.1 +15 V 
F 7 2 O 
Bradley M (12.5 to 40.0 V max) 
O Type RT = 8 1 
epoca’ 0.01 uF earmes EAM pot 
or Equivalent 
0 : MC1404U10 
ce "RI 3k 10 Volt Reference 
O 
| 50 | *“R2 and R3 are 
OS <50 ppm/°C 
-5.2V MF 
-2.0VO 0.01 10 uF 


Tue’ 
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(i) mororoLa 


Specifications and Applications 
Information 


PROGRAMMABLE PRECISION REFERENCES 


The TL431 integrated circuits are three-terminal programmable 
shunt regulator diodes. These monolithic IC voltage references 
operate as a low temperature coefficient zener which is program- 
mable from V;ef to 36 volts with two external resistors. These devices 
exhibit a wide operating current range of 1.0to 100 mA with atypical 
dynamic impedance of 0.22 Q. The characteristics of these refer- 
ences make them excellent replacements for zener diodes in many 
applications such as digital voltmeters, power supplies, and op amp 
circuitry. The 2.5 volt reference makes it convenient to obtain a stable 
reference from 5.0 volt logic supplies, and since the TL431 operates 
as a shunt regulator, it can be used as either a positive or negative 
voltage reference. 


@ Programmable Output Voltage to 36 Volts 
@ Low Dynamic Output Impedance, 0.22 1 Typical 
@ Sink Current Capability of 1.0 to 100 mA 


@® Equivalent Full-Range Temperature Coefficient of 50 ppm/°C 
Typical 


@ Temperature Compensated for Operation over Full Rated Opera- 
ting Temperature Range 


@ Low Output Noise Voltage 


Cathode “d Cathode 
(K) © (K) 


Reference 
(R) 


UO Anode (A) 


SYMBOL FUNCTIONAL BLOCK DIAGRAM 


Reference © 


INTERNAL SCHEMATIC 
Component values are nominal 


@ 
Anode (A) 


TL431 
series 


PROGRAMMABLE 
PRECISION REFERENCES 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


LP SUFFIX 
PLASTIC PACKAGE 
CASE 29-02 
TO-226AA 
(TO-92) 


Pin 1. Reference 
2. Anode 
3. Cathode 


(Top View) 


Cathode 18] Reference 


N.C. 
N.C. 
N.C. 


P SUFFIX 
PLASTIC DUAL-IN-LINE PACKAGE 


CASE 626-04 
Ce 
N 
R 


(Top View) 


Cathode | 8} Reference 


8 
1 


JG SUFFIX 
CERAMIC DUAL-IN-LINE PACKAGE 
CASE 693-02 


ORDERING INFORMATION 


| voce | Home” | Pactge 
Range Package 
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TL431 


MAXIMUM RATINGS (Full operating ambient temperature range applies unless 
otherwise noted.) 


[ik | “70010 +150 | 
ee a ae 
TA 
TL4311 


-55 to +125 
-40 to +85 
TL431C 0 to +70 


Unit | 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C Ambient Temperature 
LP Suffix Plastic Package 0.775 
P Suffix Plastic Package 1.10 
JG Suffix Ceramic Package 1.25 
Ww 
1.5 
3.0 
3.3 
THERMAL CHARACTERISTICS 
LP Suffix P Suffix JG Suffix 
Characteristics Symbol Package Package Package 
Thermal Resistance, RaJA 178 °C/W 
Junction to Ambient 
Thermal Resistance, Rec 38 °C/W 
Junction to Case 
RECOMMENDED OPERATING CONDITIONS 


Condition/ Value Symbol 
Cathode To Anode Voltage 
Cathode Current 


Operating Ambient Temperature Range 
TL431M 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C Case Temperature 
LP Suffix Plastic Package 

P Suffix Plastic Package 
JG Suffix Ceramic Package 


Reference Input Voltage (Figure 1) 
VKA = Vref. IK = 10mA 


Reference Input Voltage Deviation Over 
Temperature Range. (Figure 1, Note 1) 
VKA = Vref. K=10mA 


Ratio of Change in Reference Input Voltage 
to Change in Cathode to Anode Voltage 
Ik = 10 mA (Figure 2), AVKA = 10 V to Vref 
AVKA = 36 Vto 10 V 


Reference Input Current (Figure 2) 
Ik = 10 mA, R1 = 10k, R2 = 


Reference Input Current Deviation Over 
Temperature Range. (Figure 2) 
Ik = 10 mA, R1 = 10k, R2 = 00 


Minimum Cathode Current For Regulation 
~ VKA= Vref (Figure 1) 


Dynamic Impedance (Figure 1, Note 2) 
VKA = Vref. Alx = 1.0 mA to 100 mA 
f < 1.0 kHz 
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TL431 


FIGURE 1 — TEST CIRCUIT FOR Vxq=Vre¢ FIGURE 2 — TEST CIRCUIT FOR Vxa>Vre¢ FIGURE 3 — TEST CIRCUIT FOR logs 


Input In t Vv ot 
ers 7 KA Input VKA 
y loff 
R1 
R2 
VKA= Vref (1 =) + lreg*? R1 rl 


Note 1 


The deviation parameter AVre¢ is defined as the differences between the maximum and minimum values obtained over the full operating 
ambient temperature range that applies. 


| AVret = Vref Max — Vref Min 


| ATa = T2-T] 


T4 T2 
AMBIENT TEMPERATURE 


The average temperature coefficient of the reference input volt- 
age, a Vref, is defined as: 


( AVref \s. 6 
ppm  \Vre¢ @ 25°C _ _ AVret x 106 


oC ATA ~ ATa (Vre¢ @ 25°C) 


a Vref 


, a@Vref can be positive or negative depending on whether Vref 
Min or Vre¢ Max occurs at the lower ambient temperature. (Refer to 
Figure 6) 


Example: AVre¢ = 8.0 mV and slope is positive, Vref @ 25°C = 
2.495 V, ATa = 70°C 


; 0.008 x 106 Hees sua 
a = = 45. m 
ref "70 (2.495) on 
Note 2 
The dynamic impedance Zx,q is defined as: 
AVKA 
IZkal = 
Alx 


When the device is programmed with two external resistors, R1 and R2, (refer to Figure 2) the total dynamic impedance of the circuit is 
defined as: 


\Za'l ~IZkal (1 =) 
|) os + — 
ka ka R2 


MOTOROLA LINEAR/INTERFACE DEVICES 


5-23 


TL431 


FIGURE 4 — CATHODE CURRENT versus. —_ FIGURE 5 — CATHODE CURRENT versus 
CATHODE VOLTAGE CATHODE VOLTAGE 


Ix, CATHODE CURRENT (mA): 


Va, CATHODE VOLTAGE (V) 


FIGURE 6 — REFERENCE INPUT VOLTAGE versus FIGURE 7 — REFERENCE INPUT CURRENT versus 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


Vref. REFERENCE INPUT VOLTAGE (mV) 
lref- REFERENCE INPUT CURRENT (yA) 


Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 8 — CHANGE IN REFERENCE INPUT FIGURE 9 — OFF-STATE CATHODE CURRENT 
VOLTAGE versus CATHODE VOLTAGE versus AMBIENT TEMPERATURE 


AVref. CHANGE IN REFERENCE INPUT VOLTAGE (mV) 


VKa, CATHODE VOLTAGE (V) 


Ta, AMBIENT TEMPERATURE (°C) 
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TL431 


[Z,ql. DYNAMIC IMPEDANCE (Q) 


Avot, OPEN LOOP VOLTAGE GAIN (dB) 


VOLTAGE SWING (V) 


FIGUR 


E 10 — DYNAMIC IMPEDANCE 
versus FREQUENCY 


iS 
N NI 
eet 


Us 


PT TTT 


a 
a 
HH 
x 
100 K 1.0 
f, FREQUENCY (MHz) 


= 


FIGURE 12 — OPEN LOOP VOLTAGE GAIN 


versus FREQUENCY 


Ik = 10 mA Ty = 25°C 


f, FREQUENCY (Hz) 


FIGURE 14 — PULSE RESPONSE 


Input 
Monitor 


_ TIME (us) 


|Z,ql. DYNAMIC IMPEDANCE (2) 


NOISE VOLTAGE (nV/x/Hz ) 


FIGURE 11 — DYNAMIC IMPEDANCE 


versus AMBIENT TEMPERATURE 


= 
VKA = Vref 
Alx = 1.0 mA to 100 mA 
f < 1.0 kHz 


T T 


oQutput 


-25 0 25 50 75 100 
Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 13 — SPECTRAL NOISE DENSITY 


f, FREQUENCY (Hz) 


. 


125 


FIGURE 15 — STABILITY BOUNDARY CONDITIONS 


VKA = Vret 
Va = 5.0 V @ Ik= 10 mA 
Va = 10 V @ Ik= 10 mA 
Va = 15 V @ Ik= 10 mA 


Ix, CATHODE CURRENT (mA) 


0.01 pt 0.1 uf 
Ci, LOAD CAPACITANCE 
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UAL 
| 


1.0 pf 


TL431 


FIGURE 16 — TEST CIRCUIT FOR CURVE A FIGURE 17 — TEST CIRCUIT FOR CURVES B, C, ANDD 
OF STABILITY BOUNDARY CONDITIONS OF STABILITY BOUNDARY CONDITIONS 


150. | 150 
| 7 
bo ai" 
| 
O 


TYPICAL APPLICATIONS 


FIGURE 18 — SHUNT REGULATOR FIGURE 19 — HIGH CURRENT SHUNT REGULATOR 


. V+ Vout 
V+ Vout 
R1 | R1 
pa Gs 
“Tt 
R2 | | | 
| R2 
R1 _ (1 R1 ) 
Vout = (; —) Vref ~  Vout= (I+ R2 Vref 
FIGURE 20 — OUTPUT CONTROLOFA FIGURE 21 — SERIES PASS REGULATOR 


THREE-TERMINAL FIXED REGULATOR 


MC7805 Me Vout 
In Oo 
RI 
R2 | 
R? | 


7 ( . ) _ 
= + 
out R2 ref 


Vout Min = Vref +5.0V 


Vout Min = Vref + 5.0 V 


eee 
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TL431 


FIGURE 22 — CONSTANT CURRENT SOURCE FIGURE 23 — CONSTANT CURRENT SINK 
V+ Isink 
tout { 

x Vref 
Isink = Re, 

Vref Ss 

lout = 
R 
CL Rs 

FIGURE 24 — TRIAC CROWBAR FIGURE 25 — SCR CROWBAR 


V+ Vout 
R1 
R2 


Ri 
V, ip) = (1 +) f 
Vout(trip) = (: (1+ veer out(trip) R2 re 


FIGURE 26 — VOLTAGE MONITOR FIGURE 27 — SINGLE-SUPPLY COMPARATOR WITH 
TEMPERATURE-COMPENSATED THRESHOLD 


V+ 


Vout 


L.E.D. indicator is ‘on’ when V+ is between the 
upper and lower limits. 


R1 V. =V, 
Lower Limit = (1 + ret th ref 


U Limit (1 Vv 
per Limit = — 
p R4 ref 
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ete emer er pris ewer 


FIGURE 28 — LINEAR OHMMETER FIGURE 29 — SIMPLE 400 mW PHONO AMPLIFIER 
38 VE 


T= 330Nto8.00 © 330 


qT 


*Thermalloy 
THM 6024 
Heatsink on LP 
Package 


Rx = Vout @ + Range 


FIGURE 30 — HIGH EFFICIENCY STEP-DOWN 
SWITCHING CONVERTER 
150 nH @ 2.0A 


Vout = 5.0 V 
lout = 1 0 A 


Vin= 10 Vto 20V,lo=1.0A} 53 mV (1.1%) 


a ee 
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Data Conversion 6) 


DATA CONVERSION | 


Device | Function . ‘Page 
AD562 Complete High-Speed 12-Bit Multiplying D/A Converter .......... sess <eieeens ... 6-3 
AD563 Complete 12-Bit High-Speed Monolithic D/A Converter .........:sssessseeeeeereeees 6-8 
DAC-08 High-Speed 8-Bit Multiplying D-to-A Converter ........cssssseseseesereseeesseeeneseeees 6-13 
MC1406L 6-Bit Multiplying Digital-to-Analog COnverter .........eeeeseteeetssteeseeeeeeeeneeneeseeenens 6-23 
MC 1408 8-Bit Multiplying Digital-to-Analog Converter ............... as Gusudicudnandanougeesasoremneanaies: 6-35 
MC1506L 6-Bit Multiplying Digital-to-Analog COnverter .........:csscsessesseseieessetentseeesesesaneenes 6-23 
3 MC1508 8-Bit Multiplying Digital-to-Analog Converter ........ccssseseseerstseeeteseeeeeeeseeenees 6-35 
| MC3410,C 10-Bit D-to-A Converter oo... ccecescecssesessessseesesneseesencnesnessasssasssnessesensseassnseeeeenees 6-47 
| MC3412 High-Speed 12-Bit D/A Converter 0.0... cccccscscceecseeeeenseeteseseetenenanieneneeennnntanenses 6-58 
MC3510 40-Bit 'D=t0-A: GONVONEN ainictiesstieetniareee tracing iets entire WWeevexs 6-47 
MC3512 High-Speed 12-Bit D/A Converter .........cccssscseceeneereriernerensesissssseseevanseeeneenesaesas 6-58 
MCé6890 8-Bit Bus-Compatible MPU D/A Converter .........cccsseesessneeeseeeeteessesernereens 6-63 
MC10315L Seven-Bit Parallel High-Speed A/D Converter ...........ccsscscesseeeseeeeeeeseeestesensanennes 6-70 
MC10317L Seven-Bit Parallel High-Speed A/D Converter .........::ccssccseesseetseesteereesenneessnseaes 6-70 
MC10318L,L9,CL6,CL7 High-Speed 8-Bit D/A Converter ......... eee eeeeeseeesneteeeessseeessesesneentnesennerenteeeenens 6-77 


erences CS TL 
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(AA) MOTOROLA 


LASER TRIMMED 
HIGH-SPEED 12-BIT 
MULTIPLYING D/A 

CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


COMPLETE HIGH-SPEED 12-BIT MULTIPLYING 
D/A CONVERTER 


The AD562 is a monolithic 12-bit resolution D/A converter. Active 
laser trimming of thin-film ladder network, span and bipolar offset 
resistors at wafer level provide linearity of better than +1/2 LSB. An 
innovative bit switching scheme provides fast settling time yet en- 
ables selection of CMOS or TTL thresholds which are retained over 
a wide Vcc range from 4.5 to 16.5 voits. Internal precision span 
resistors allow output voltage options of Oto5.0V,O0to10V,+2.5V, 
+5.0 V, and +10 V. The AD562 multiplies in two quadrants when 
varying the reference input voltage. 12-bit accuracy and fast settling 
time make this converter ideal for applications such as fast A/D 
converters, CRT display generation waveform synthesis, precision 
instruments, and data acquisition systems. 


@ True 12-Bit Linearity: +1/2 LSB Max 
Fast Settling Time: +1/2 LSB in 200 ns Typ 
Fully Monotonic Over Temperature Range 
Low Gain Drift: 3 ppm/°C Max 
True Binary Coded Inputs 
Selectable Digital Thresholds 
Internal Span Resistors for Generating Output Voltage 


D SUFFIX 
CERAMIC PACKAGE 
CASE 716-06 


Low Power Consumption: 210 mW 


Vec Bit 1 (MSB) 
CMOS/TTL* Bit 2 
Lo In* Bit 3 
Sum Junct* Bit 4 
Hi In* 


BLOCK DIAGRAM 


CMOS/TTL 
Threshold 
O 


VEE 

Rin* 
Rout" 
DAC Out 
10 V Span 
20 V Span: 
Gnd 


Amp 
Summing 


Junction 
Current Switches 


Pin 2 = CMOS/TTL Threshold 
Pin 3 = Vref Lo In 

Pin 4 = Amp Summing Junction 
Pin 5 = Vref Hi In 

Pin 7 = Bipolar Offset Rip, 


Pin 8 = Bipolar Offset R 
R2R Ladder in pola out 


ORDERING INFORMATION 


Accuracy 
Device Temperature Range @ 25°C 


AD562KD O°C to +70°C +1/2 LSB 
AD562AD -25°C to +85°C +1/2 LSB 
AD562SD -55°C to +125°C +1/4 LSB 
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AD562 


MAXIMUM RATING (Tz, = 25°C, Ratings are referred to Ground [Pin 12] unless otherwise noted.) 


~ Symbol 


Power Supply Voltage Vcc . — +18 
VEE -18 


Digital Input Voltage (Pins 13 to 24) 


so! 
vet Hingins) SSS 
= 


Lec eee eee 
| 


Bipolar Offset to Analog Ground (Pin 7 or 8) 


Ten Volt Span Resistor to Analog Ground (Pin 10) 


Twenty Volt Span Resistor to Analog Ground (Pin 11) 


Power Dissipation 


Operating Temperature Range AD562KD 0 to +70 °C 
AD562AD -25 to +85 
-55 to +125 


AD562SD 


Storage Temperature Range Tstg -65 to +150 
Junction Temperature Ty +175 °C 
TERMINOLOGY 
Nonlinearity (Relative Accuracy) — Maximum output Unipolar Offset Error — Using the configuration shown 
deviation from ideal straight line connecting zero and in Figure 1, with R1 = 50 ohms and with all bits off, the 
full-scale readings, expressed as a fraction of LSB or output voltage reading compared to zero is expressed as a 
- percent of full scale. percentage of the full scale range. Offset voltage of the 


output op amp must be nulled. 
Differential Nonlinearity — Maximum deviation in the 


readings of any two adjacent input bit codes from the Bipolar Offset Error — Using the configuration shown in 
ideal LSB step, expressed in fractions of LSB or percent- Figure 2, with R2 = 50 ohms with all bits off, the output 
age of full scale. A differential nonlinearity value greater voltage reading compared to the ideal negative full scale 
than 1 LSB may lead to nonmonotonic operation. value is expressed as a percentage of the full scale range. 


Offset voltage of the output op amp must be nulled. 
Monotonicity — For every increase in the input digital 


word, the output current either remains the same or 
increases. 

The complete AD562 Series is guaranteed to be mono- 
tonic over temperature. 


Bipolar Zero Error — Using the configuration shown in 
Figure 2, with R1 = R2= 50, with the MSB on and all 
other bits off, the output voltage reading compared to zero 
is expressed as a percentage of the full-scale range. 


: . Offset voltage of the output op amp must be nulled. 
Settling Time — The elapsed time from the input tran- 


sition until the output has settled within an error band 
about its final value. . 

The worst case switching condition occurs when all 
bits are switched ‘‘on’’, which corresponds to a low-to- 
high transition for all bits. This time is typically 200 ns 
for the output to settle to within 41/2 LSB for 12-bit 


Temperature Coefficients — (Unipolar Offset, Bipolar 
Offset, Gain and Differential Nonlinearity). The maximum 
deviation of the particular parameter over the specified 
temperature range, divided by the temperature range, 
expressed in parts per million of Full Scale Range per 


accuracy. The turn-off time is typically 120 ns. These Begrse e: 

times apply when the output swing is limited to a small 

(<O.5 V) swing and the external output capacitance is Compliance Voltage Range — The output terminal 

under 10 pF. 4 voltage range which will provide specified output resis- 
tance and current characteristics. The compliance voltage 

Gain Error — The difference between the actual full is specified with Veg = -15. The compliance voltage range 

scale range (difference in output between all bits on, follows as VEE is varied. | 

and all bits off) and the ideal full scale range. Based 

on a O to 10 V output configuration, the ideal FSR is Power Supply Sensitivity — The change in full scale 

4095 _ current caused by a change in Veg or V expressed 

4096 ~ IOUS eN: in ppm of full scale current per Meat ee in VEE 

Gain error is expressed in percentage of full scale (FS). or Vcc. 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Vref = 10 V, Pin 2 open, Ta = 25°C unless otherwise noted.) 


Symbol 


TTL Digital Logic Levels (Al! Bits) V 
(4.5V<Vcc < 16.5 V, Tiow to Thigh, see Note 1) 
VIH 2.0 
VIL = 
V 
VIH 70% Vcc _ 
VIL — 30% Vcc 


Bit On, Logic ‘’1”’ 
Bit Off, Logic ‘’O”’ 
CMOS Digital Logic Levels (All! Pins) 
(45V<Vcc < 16.5 V, Tiow to Thigh: see Note 1, 
-2.5 to +2.5_ 
Oto +10 
-5.0 to +5.0 
-10 to +10 


Pin 2 tied to Pin 1) 
Bit On, Logic ‘’1”’ 
Bit Off, Logic ‘‘O”’ 
Digital Input Current, CMOS/TTL Levels — Bit On, Logic “1” 
(Tiow to Thigh, see Note 1) 

Bit On, Logic “1” 
Bit Off, Logic ‘’O”’ 
Programmable Output Range 
(See Figures 1 and 2) 


Output Current 
Unipolar (All Bits On) 
Bipolar (All Bits On or Off) 


Output Resistance 
(Exclusive of Span Resistors) 


Output Capacitance 


Output Compliance Voltage Range 
(Tlow to Thigh: see Note 1) 


Nonlinearity AD562KD/AD562AD 


AD562SD 


Differential Nonlinearity 


Differential Nonlinearity 
(Tow to Thigh, see Note 1) 


Gain Error — Figure 1, R1 = Fixed 50 0 


Offset Error 
Unipolar — Figure 1 
Bipolar — Figure 2, R2 = Fixed 50 (2) 


Bipolar Zero Error — Figure 2, R1 = R2 = Fixed 50 (2) 
Gain Adjustment Range — Figure 1 


Bipolar Offset Adjustment Range — Figure 2 


Temperature Coefficients 
(Tlow to Thigh, see Note 1) 
Unipolar Zero — AD562KD/AD562AD 


AD562SD 
Bipolar Zero — All Devices 
Gain ~~ All Devices 


Differential Nonlinearity — All Devices 


Settling Time to 1/2 LSB : 
All Bits On-to-Off or Off-to-On 


Reference Input Impedance 


Power Supply Current 
(Vcc +4.5 to +16.5 Vdc) 
(Veg -10.8 to -16.5 Vdc) 


Power Supply Gain Sensitivity 
(Vcc t4.5 to 5.5 Vdc) 

(Vcc +13.5 to +16.5 Vdc) 
(VEE -10.8 to -16.5 Vdc) 


ppm of FS/% 


Note 1: Tigyw = -55°C for AD562SD Thigh = +125°C for AD562SD 
-25°C for AD562AD +85°C for ADS562AD 
O°C for AD562KD +70°C for ADS562KD 
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FIGURE 1 — AD562 IN TYPICAL UNIPOLAR CONNECTION SCHEME 


+15V 


CMOS/TTL 
Threshold 


O2 


01 


UNIPOLAR DAC OPERATION 


A typical circuit configuration for unipolar operation 
of AD562 is shown in Figure 1. 


Step 1 — Output Range 

Determine which output range is required. For +5.0 Volt 
full scale (FS) range, connect Pin 10 to output of external 
operational amplifier output and short Pin 9 to Pin 11. For 
+10 Volt FS range, connect Pin 10 to external operational 
amplifier output, Pin 11 remains unconnected. 


ects ps i sR SS 


10 
QS StS eS a aS ae 7: 
| 
1 
9 | 
O ez, 1 
0 O Vout 
+ 
+15V 
Rx 
3M R2 
Offset 
aoe Adjust 
O) 
-15V 


Step 2 — Zero Adjust 
Turn all bits OFF and adjust R2 until external opera- 
tional amplifier output is O Volts. 


Step 3 — Gain Adjust 

Turn all bits ON. Adjust R1 until operational amplifier 
output reaches 4.9988 Volts for +5.0 Volt range or 9.9976 
for +10 Volt range. 
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| 
} 


FIGURE 2 — AD562 IN TYPICAL BIPOLAR CONNECTION SCHEME 


+15V 


Gain 
Adjust 


Re 
10V 0 


CMOS/TTL 
Threshold 4 2322 21 20 19 18 17 16 15 14 13 


C1 O?2 000 00 OQoddoadd0o0d070codooad 


MSB 


precast i rede hy Ty 
CTT Hs 
10 


Logic Switches & Level Shifters 


aE cee conn axes oan beets 


ecient 


\ 
R11009 19.95k O Vout 
15T 19.95 k 
| 
3 20 « I 
v 1 
i } 
= 
I 
Pie ete 
O 
-15V eS R2 
100 © 15T 
Offset 
Adjust 
BIPOLAR DAC OPERATION 
Atypical circuit configuration for bipolar operation Step 2 — Offset Adjust 
of AD562 is shown in Figure 2. Turn all bits OFF and adjust R2 until operational ampli- 
fier output is: 
Step 1 — Output Range -2.5000 Volt for +2.5 Volt range 
Determine which output range is required. For +2.5 Volt -5.0000 Volt for +5.0 Volt range 
full scale (FS) range, connect Pin 10 to output of external -10.0000 Volt for +10 Volt range 
operational amplifier and short Pin 9 to Pin 11. For +5.0 
Volt FS range, connect Pin 10 to output of external opera- Step 3 — Gain Adjust (Bipolar Zero) 
tional amplifier, Pin 11 remains unconnected. For +10 Turn MSB ON and all other bits OFF. Adjust R71 until 


Volt FS range, connect Pin 1 


1 to output of external opera- operational amplifier output is O Volts. 


tional amplifier, Pin 10 remains unconnected. 


NOTES: 


1. 
2. 


3. 


For TTL and DTL compatibility, leave Pin 2 open. 

For high voltage CMOS compatibility, short Pin 2 to 
Pin 1. 

Supplies should be bypassed with 0.1 uF capacitors. 


. Inunipolar operation, Rx should be made equal to the 


internal feedback resistor. In bipolar, Rx, equals the 
feedback resistor in parallel with 10 k. 


irae 
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MOTOROLA 


COMPLETE 12-BIT HIGH-SPEED 
MONOLITHIC D/A CONVERTER 


The AD563 is a monolithic 12-bit resolution D/A converter. It 
contains a high stability bandgap reference capable of supplying 
5.0 mA trimmed to +1.0% maximum error. Active laser trimming of 
thin-film ladder network, span, bipolar offset, and bandgap resistors 
at wafer level provide accuracy and linearity of better than +1/2 LSB. 
An innovative bit switching scheme provides fast settling time yet 
enables selection of CMOS or TTL thresholds which are retained 
over a wide Vcc range from 4.5 to 16.5 volts. Precision internal span 
resistors allow output voltage options of Oto 5.0 V, Oto 10 V,+2.5V, 
+5.0V,and+10V. 12-bit accuracy and a fast settling time of typically 
200 ns (to +1/2 LSB) make this converter ideal for applications such 
as a fast A/D building block or display driver. 


True 12-Bit Linearity: +1/2 LSB Max 
Fast Settling Time: +1/2 LSB in 200 ns Typ 
Fully Monotonic Over Temperature Range 


LASER TRIMMED 
HIGH-SPEED 
12-BIT D/A CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


D SUFFIX 
CERAMIC PACKAGE 
High-Stability Bandgap Voltage Reference On Chip CASE 716-06 
True Binary Coded Inputs 
Selectable Digital Thresholds 
Internal Span Resistors for Generating Output Voltage 


Low Power Consumption: 210 mW 


Low Cost Monolithic Design 
PIN CONNECTIONS 


Vcc Bit 1 (MSB) 


CMOS/TTL Bit 2 
Threshold 
Ref Supply Bit3 


Ref Out Bit 4 
Ref Gnd Bit 5 
Ref In Bit 6 
VEE Bit 7 
Bipolar Bit 8 


Offset 
DAC Out 


10 V Span 
20 V Span 
Gnd — Bit 12 (LSB) 


BLOCK DIAGRAM 


Reference CMOS/TTL 

Supply Threshold Bipolar 
30 O. 

242399219919 181746154413 Offset 

OoQogqgQqgdgooaoo 


2.5 Voit 
Reference 


Reference R2R Ladder 
Ground 
5 


ORDERING INFORMATION 


Temperature Accuracy 
Device Range 


AD563JD O°C to +70°C +1/2 LSB 


AD563KD O°C to +70°C +1/4 LSB 
AD563SD | -55°C to +125°C | +1/4 LSB 
AD563TD | -55°C to+125°C | +1/4 LSB 
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MAXIMUM RATING (Ta = 25°C, Ratings are referred to Ground [Pin 12] unless otherwise noted.) 


Power Supply Voltage V +18 
VEE -18 


Applied Output Voltage (Pin 9) -7.0 to +12 
[Digital Input Voltage (Pins 131024) | 


CMOS/TTL Threshold Select (Pin 2) aa 0 to Vcc 
Digital Input Voltage (Pins 13 to 24) FM -5.0 to +18 


IREF Short circuit to 
either Gnd; 
momentary 

short circuit to 
Vcc. 


Twenty Volt Span Resistor to Reference Ground 


Power Dissipation 


Operating Temperature Range AD563JD/AD563KD 0 to +70 
-55 to +125 


+24 
AD563SD/AD563TD 
~65 to +150 


Vde 
Vdc 
Vdc 
Vdc 
Vdc 
Vdc 
Po mW 
i 
Storage Temperature Range °C 


TERMINOLOGY 

Nonlinearity (Relative Accuracy) — Maximum output Unipolar Offset Error — Using the configuration shown 
deviation from ideal straight line connecting zero and in Figure 1, with R1 = 10 ohms and with all bits off, the 
full-scale readings, expressed as a fraction of LSB or output voltage reading compared to zero is expressed as a 
percent of full scale. percentage of the full scale range. Offset voltage of the 


output op amp must be nulled. 
Differential Nonlinearity — Maximum deviation in the 


readings of any two adjacent input bit codes from the Bipolar Offset Error — Using the configuration shown in 
ideal LSB step, expressed in fractions of LSB or percent- Figure 2, with R2 = 10 ohms with all bits off, the output 
age of full scale. A differential nonlinearity value greater voltage reading compared to the ideal negative full scale 
than 1 LSB may lead to nonmonotonic operation. value is expressed as a percentage of the full scale range. 


Offset voltage of the output op amp must be nulled. 
Monotonicity — For every increase in the input digital 


word, the output current either remains the same or Bipolar Zero Error — Using the configuration shown in 
eae . Figure 2, with R1 = R2 = 10 Q, with the MSB on and all 

The AD563 is guaranteed to be monotonic over other bits off, the output voltage reading compared to zero 
rem perature: is expressed as a percentage of the full-scale range. 


: : ; ; Offset voltage of the output op amp must be nulled. 
Settling Time — The elapsed time from the input tran- 


sition until the output has settled within an error band 
about its final value. 

The worst case switching condition occurs when all 
bits are switched ‘‘on’’, which corresponds to a low-to- 
high transition for all bits. This time is typically 200 ns 
for the output to settle to within +1/2 LSB for 12-bit 
accuracy. The turn-off time is typically 120 ns. These 
times apply when the output swing is limited to a small 


(<0.5 V) swing and the external output capacitance is Compliance Voltage Range — The output terminal 
under 10 pF. voltage range which will provide specified output resis- 


tance and current characteristics. The compliance voltage 
is specified with VEE =-15. The compliance voltage range 
follows as VEE is varied. 


Temperature Coefficients — (Unipolar Offset, Bipolar 
Offset, Gain and Differential Nonlinearity). The maximum 
deviation of the particular parameter over the specified 
temperature range, divided by the temperature range, 
expressed in parts per million of Full Scale Range per 
degree C. 


Gain Error — The difference between the actual full 
scale range (difference in output between all bits on, 
and all bits off) and the ideal full scale range. Based 


on a O to 10 V output configuration, the ideal FSR is Power Supply Sensitivity — The change in full scale 

4095 . current caused by a change in Veg or Vcc expressed 

4096 BAO eer ee in ppm of full scale current per percent change in VEE 
Gain error is expressed in percentage of full scale (FS). or Vcc. 
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| ELECTRICAL CHARACTERISTICS (Vcc = +5.0 V, Veg = -15 V, Pin 2 open, Ta = 25°C, all tests performed 
using internal reference, unless otherwise noted.) 


Characteristic Symbol | Min | 
2.0 


TTL Digital Logic Levels (All Bits) ae ae! 
(45 V<Vcc < 16.5 V, Tiow to Thigh. see Note 1) 
VIH 
ViL 
VIL 


Bit On, Logic 1” 


Bit Off, Logic “O” 


CMOS Digital Logic Levels (All Pins) 
(4.5V<Vcc < 16.5 V, Tiow to Thigh, see Note 1, 
Pin 2 tied to Pin 1) 

Bit On, Logic “1” 

Bit Off, Logic ‘’O” 

Digital Input Current, CMOS/TTL Levels — Bit On, Logic ‘1’ 
(Tiow to Thigh. see Note 1) 

Bit On, Logic “1” 

Bit Off, Logic ‘’O”’ 

Programmable Output Range 
(See Figures 1 and 2) 


NH 
NIL 


Co 
Voc 
NL 
ts 
Zin 
VRO 


-2.5 to +2.5 

Oto +10 . 
-5.0 to +5.0 
-10 to +10 


Output Current 
Unipolar (All Bits On) 
Bipolar (All Bits On or Off) 


Output Resistance 
(Exclusive of Span Resistors) 


Output Capacitance | Co 


Output Compliance Voitage Range 


(Tlow to Thigh, see Note 1) 


Nonlinearity AD563KD/AD563SD/AD563TD 


AD563JD 


Differential Nonlinearity 


Differential Nonlinearity 
(Tlow to Thigh, see Note 1) 


Gain Error — Figure 1, R1 = Fixed 10 ee 


Offset Error 
Unipolar — Figure 1 
Bipolar — Figure 2, R2 = Fixed 10 


Bipolar Zero Error — Figure 2, R1 = R2 = Fixed 100 . fF 
Gain Adjustment Range — Figure 1 
Bipolar Offset Adjustment Range — Figure 2 é 


Unipolar Zero Temperature Coefficient 


(Tlow to Thigh, see Note 1) 
ifferential Nonlinearity Temperature Coefficient 


Bipolar Zero Temperature Coefficient fo 
(Tiow to Thigh, see Note 1) 


es 

a7 

ee 

= 0. 

fo EAI heal cel 
iat I I Meh 
be eal 
iene: 


AD563TD 
AD563KD 
AD563JD/AD563SD 


D 


(Tiow to Thigh. see Note 1) 
Gain Temperature Coefficient, Full Scale i 
Settling Time to 1/2 LSB 
All Bits On-to-Off or Off-to-On 
Reference Output Voltage | = VRo 


(Tlow to Thigh, see Note 1) 
Reference Output Current 


Power Supply Current 
(Vcc +4.5 to +16.5 Vdc) 
(VEE -10.8 to -16.5 Vdc) 


Power Supply Gain Sensitivity 
(Vcc +4.5 to +5.5 Vdc) 
(Vec +13.5 to +16.5 Vdc) 


| we | = 
IEE 
(VEE -10.8 to -16.5 Vdc) =) 


Note 1: Tigyw = -55°C for AD563SD/AD563TD Thigh = +125°C for AD563SD/AD563TD 
O°C for AD563JD/AD563KD +70°C for AD563JD/AD563KD 


ppm of FS/% 
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FIGURE 1 — AD563 IN TYPICAL UNIPOLAR CONNECTION SCHEME 


45.0 V/+15V 
CMOS/TTL 

Threshold 94 9329 2120 19 1817 16 1514 13 

19 O03 O2 00000 000 000 0 


10 
DS SS Se Sr es 7 
| 
9 | 
O 1 
© Vout 
Rx +15V 
. 3M R2 
Offset 
oor Adjust 
O 
ot -15V 
O7 
-—15V 
UNIPOLAR DAC OPERATION 
A typical circuit configuration for unipolar operation Step 2 — Zero Adjust 
of AD563 is shown in Figure 1. . Turn all bits OFF and adjust R2 until external opera- 
tional amplifier output is O Volts. 
Step 1 — Output Range 
Determine which output range is required. For +5.0 Volt Step 3 — Gain Adjust . 
full scale (FS) range, connect Pin 10 to output of external ' Turn all bits ON. Adjust R1 until operational amplifier 
operational amplifier output and short Pin 9 to Pin 11. For output reaches 4.9988 Volts for +5.0 Volt range or 9.9976 


+10 Voit FS range, connect Pin 10 to external operational for +10 Volt range. 
amplifier output, Pin 11 remains unconnected. 
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FIGURE 2 — AD563 IN TYPICAL BIPOLAR CONNECTION SCHEME 


+5.0V/+15 V 


CMOS/TTL 
Threshold 24 23222 
2 


Gain 
Adjust 


BIPOLAR DAC OPERATION 


Atypical circuit configuration for bipolar operation 
of AD563 is shown in Figure 2. 


Step 1 — Output Range 

Determine which output range is required. For +2.5 Volt 
full scale (FS) range, connect Pin 10 to output of external 
operational amplifier and short Pin 9 to Pin 11. For +5.0 
Volt FS range, connect Pin 10 to output of external opera- 
tional amplifier, Pin 11 remains unconnected. For +10 
Volt FS range, connect Pin 11 to output of external opera- 
tional amplifier, Pin 10 remains unconnected. 


NOTES: 


Vout 


- 200 15T 
Offset 
Adjust 


Step 2 — Offset Adjust 
Turn all bits OFF and adjust R2 until operational ampli- 
fier output is: 
-2.5000 Volt for +2.5 Volt range 
-5.0000 Volt for +5.0 Voit range 
-10.0000 Volt for +10 Volt range 


Step 3 — Gain Adjust (Bipolar Zero) 
Turn MSB ON and all other bits OFF. Adjust R1 until 
operational amplifier output is O Volts. 


1. For TTL and DTL compatibility, leave Pin 2 open. 

2. For CMOS compatibility, short Pin 2 to Pin 1. 

3. Supplies should be bypassed with 0.1 uF capacitors. 

4. Inunipolar operation, Rx should be made equal to the 
internal feedback resistor. In bipolar, Rx, equals the 
feedback resistor in parallel with 2.5 k. 
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(AA) MOTOROLA DAC-08 


Specifications and Applications 
Information 


HIGH SPEED 
8-BIT MULTIPLYING D-TO-A 
CONVERTER 


HIGH SPEED 8-BIT MULTIPLYING D-TO-A CONVERTER SILICON MONOLITHIC 

The DAC-08 series is a monolithic 8-bit high speed multiplying digital-to- INTEGRATED CIRCUIT 
analog converter, capable of settling to within 1/2 LSB (0.19%) in 85 ns. 
Monotonic multiplying performance is retained over a wide 40-to-1 reference 
current range. Full scale and reference currents are matched to within 1 LSB, 
therefore eliminating the need for full scale trim in most applications. 

Dual complementry current outputs with high voltage compliance provide OQ SUFFIX 
added versatility and allow differential mode of operation to effectively dou- CERAMIC PACKAGE 
ble the peak-to-peak output swing. In many applications, output current-to- CASE 620-02 
voltage conversion can be accomplished without requiring an external op 
amp. Noise-immune inputs permit direct interface with TTL and DTL levels 
when the logic threshold control, Vic, (pin 1) is grounded. All other logic 
family thresholds are attainable by adjusting the voltage level of pin 1. Per- 
formance characteristics are virtually unchanged over the entire +4.5 V to 
+18 V power supply range. Power consumption is typically 33 mW with 
+ 5.0 V supplies. 

The DAC-08 is available in several versions, with nonlinearity as tight as 
+0.1% (+ 1/4 LSB) over temperature. All versions are guaranteed monotonic 
over 8 bits. For an extra margin of performance, Motorola utilizes thin-film 
resistors permitting very accurate resistive values which are extremely stable 
over temperature. 

High performance characteristics along with low cost, make the DAC-08 
an excellent selection for applications such as CRT displays, waveform gen- 
eration, high-speed modems, and high-speed analog-to-digital converters. 
Fast Settling Time — 85 ns 
Full Scale Current Prematched to +1 LSB Threshold Cancer 
Nonlinearity Over Temperature to +0.1% Max Control ties 
Differential Current Outputs (VLC) 

High Voltage Compliance Outputs —10 V to +18 V lout 

Wide Range Multiplying Capability 

Inputs Compatable With TTL, DTL, CMOS, PMOS, ECL, HTL 
Low Full Scale Current Drift 

Wide Power Supply Range +4.5 V to +18 V 

Low Power Consumption 

Thin-Film Resistors 

Low Cost 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PINOUT DIAGRAM 


DAC-08 EQUIVALENT CIRCUIT 
(MSB) (LSB) 
Vic B1 B2 B3 B4 B5 B6 B7 B8 
O ©) O © O © © O 
12 


1 [5 ]6 ]7 ]8 [9 
Tenetatesonsteciontes | 


Bias Logic Buffers and Level Shifters 
Network 


Current x ORDERING INFORMATION 


Switches| 94° | 94° | CAS a - ~ ~ Ae ms Temperature 
: 7 : Nonlinearity Range Package 


tp O O O O O O O O 
DAC-08AQ +0.1% -55°C to +125°C] Ceramic 


20.19% 
+0.1% 0°C to +70°C_| Ceramic 
natal Mh ay nd ant and an DAC-O8EQ +0.19% O°C to+70°C | Ceramic. 
DAC-08CQ +0.39% O°C to+70°C =| Ceramic 
R R R R 


R -O8HP | +0.1% O°C to+70°C | Plastic 
“O8EP 


4 
| 
out 


DAC 
+0.19% | O°Cto+70°C | Plastic 


DAC-o8cP | +0.39% | 0°C to +70°C 


© O 
Compensation V- 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 
V+ Supply to V-Supply 


ieee 
fogienputs SSCS 


Reference Input Differential Voltage (V14 to V15) 


Reference Input Current (114) 


-55 to +125 


Operating Temperature Range 
DAC-08AQ, OQ 
DAC-O8HQ, EQ, CQ, HP, EP, CP 


Storage Temperature 
Power Dissipation 
Derate above 100°C 


ELECTRICAL CHARACTERISTICS (Vg =+15V, IREF = 2.0 MA, Ta = -55°C to +125°C, unless otherwise noted.) 


DAC-08A DAC-08 
Max 


Characteristic Symbol | Min | 


Resolution [| — | 8 | 

[Monotoniety —SSCSCSC~C~“‘“~*~‘“*‘“~*~*~‘~sCSSC*SC* 

Settling Time to + 1/2 LSB, Figure 24 re 
(All Bits Switched On or Off, Ta = 25°C) 

Propagation Delay, Ta = 25°C =| 

Each Bit 


ns 
35 60 35 60 
All Bits Switched 35 60 35 60 


Full Scale Tempco TCles | | af 


Output Voltage Compliance 
Full Scale Current Change < 1/2 LSB, 
Rout > 20 megohm typ. 


Full Range Current 
(VpeF= 10.000 V; R14, R15 = 5.000 kf, Ta = 25°C) 


Full Range Symmetry (IpRq - leR2) 


g : 
Zero Scale Current | iz | — | 


Output Current Range 
V-=-5.0V 

V- =-8.0 V to -18V 

Logic Input Levels (Vic = 0 V) 
Logic ‘’O”’ 

Logic ‘1°’ 


+ 
co) 
; 
a 
ro) 
+ 
° 
+ 
© 
o 
Ao) 
Ao) 
3 
aNS 

fe) 
‘-) 


1.992 mA 


a| a 
3) pe 0) 
poy 

— 

[<e) 

© 

B 
E 
[o) 

re) 

[@) 

© 

L 

—_ 

[<o) 

wo 

NO 

° 

B 


© 
F 
-) 


Logic Input Current (Vic = O V) uA 
Logic Input ‘‘O” (Vjn = -10 V to +0.8 V) Hie -2.0 
Logic Input ‘'1"’ (Vin = +2.0 V to +18 V) WH 0.002 
Logic Threshold Range, Vg = t15 V VTHR }-10| — | 
Reference Input Slew Rate Figure 19 | di/dt [40 [ 80 | 
Power Supply Sensitivity (IREF = 1.0 mA) %/% 
V+=45Vto18V +0.0003 +0.0003 
V-=-4.5 Vto-18V +0.002 +0.002 
Power Supply Current mA 
Vs =+5.0 V, IREF=1.0mA 
Vs =+5.0V,-15V, iRgf= 2.0 mA 
Vs =.t15 V, IREF= 2.0 mA 
Power Dissipation mw 


Vg =+5.0V, Iperf =1.0mA 33 48 
Vg =+5.0V, -15 V, IReF= 2.0 mA 108 136 
Vg =+15V, IREF=2.0mA 135 174 
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ELECTRICAL CHARACTERISTICS (Vs 2 +15 V, IREF = 2.0 mA, Ta = 0°C to 70°C, unless otherwise noted.) 


Logic Input Current (Vic = 0 V) 
Logic Input “0” | 


DAC-08H DAC-08E DAC-08C 
Characteristic [win [Typ _| Max | Min | Typ | Max | Min] Typ | Max 
Honetenety Bp ep SP Lo Se 
Nonlinearity, Ta = 0°C to +70°C 201 | — | — [+019] — | — | +030] xFs 
Settling Time to +1/2 LSB 
(Ta = 25°C) Figure 24 
Propagation Delay, Ta = 25°C 
Each Bit 
Full Scale Tempco Tors | + | £10 | £50 | aa | £10 | | +50 | | +80 ome 
Output Voltage Compliance +18 +18 +18 
Full Scale Current Change 
< 1/2 LSB, 
Rout > 20 megohm typ. 
Full Range Current l—FR4 |1.984] 1.992 | 2.000 
R14, R15 = 5.000 kQ) 
Ta = 25°C 
Zero Scale Current Pcs Seow ET 
Output Current Range 
V- = -5.0V IOR1 
loR2 
Logic Input Levels (Vic = 0 V) 
Logic “0” VIL 
Logic “1” VIH 
(Vin = —10V to +0.8 V) 
Logic Input “1” 
Logic Input Swing, V~ = -15V aes eee 
Logic Threshold Range, oe Treshal ngs Ys = 218 Y = +15V_| VTHR ea ee ee 
| Reference Bias Current ras pap a y= pepe p= [eee |= pam 
di/dt a 


| Resolution == ss | ~ | | ll | hf | 8 | 8 | 8 | 8 | 8 | Bits | 
(All Bits Switched On or Off, 
tPLH 35 60 35 60 60 
All Bits Switched aes ere a a ea a 
(VpReF = 10.000 V; 
Full Range Symmetry (leRq - IFR2) ES. +4, | +40 | | +8.0 | 0 + | + 16.0 | fe] 
-8.0 Vto —18V 
pA 
—2.0 
(Vin = +2.0 V to +18 V) 0.002 0.002 0.002 
isn 
Reference Input Slew Rate 
Figure 19 


Power Supply Sensitivity %I/% 
(IREF = 1.0 mA) 
V+ = 45Vto18V 


V- -4.5 Vto -18V 


Power Supply Current 
Vs = +5.0 V, IREF = 1.0 mA 


= +5.0V, -15V, IREF = 2.0 mA 


+15 V, IREF = 2.0 mA 


+ 5.0 V, IREF = 1.0 mA 
+5.0 V, -15V, IREF = 2.0 mA 
+15 V, IREF = 2.0 mA 
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TYPICAL PERFORMANCE CURVES 


FIGURE 1 — FULL SCALE CURRENT versus 
REFERENCE CURRENT 


Ips, QUTPUT CURRENT (mA) 


Iagr. REFERENCE CURRENT (mA) 


FIGURE 3 — REFERENCE INPUT FREQUENCY RESPONSE 
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0.1 0.2 0.5 10 2.0 5.0 10 
f, FREQUENCY (MHz) 
Curve 1 — Co = 15 pF, Vin = 2.0 V p-p Centered at +1.0 V (Large-Signal) 
Curve 2 — C,= 15 pF, Vin = 50 mV p-p Centered at +200 mV (Smail-Signal) 


6.0 
4.0 
2.0 
0 


R14 =R15=1kO 


{ 
seed 
o 


! 
sda 
° 


RELATIVE OUTPUT (dB) 
is 
o 


-14 


FIGURE 5 — LOGIC INPUT CURRENT versus 
INPUT VOLTAGE 


LOGIC INPUT CURRENT (,A) 


eH | 2 ae 


-8.0 -40 20 
LOGIC INPUT VOLTAGE (V) 


FIGURE 2 — REFERENCE AMP 
COMMON MODE RANGE 


All Bits “On” 


ea nl ON OE SE 
V-=-15V ee. 4 V+=4+15V | 


IREF = 2.0 mA 


OUTPUT CURRENT (mA) 


-14 -10 -60 -2.0 2.0 6.0 10 14 18 
V15, REFERENCE COMMON MODE VOLTAGE (V) 


NOTE: Positive Common Mode Range is Always (V+) -1.5 V 


FIGURE 4 — LSB PROPAGATION DELAY versus Ifs 


PROPAGATION DELAY (ns) 


0 
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Ips, OUTPUT FULL SCALE CURRENT (mA) | 


FIGURE 6 — VTH - Vic versus TEMPERATURE 


VtH - Vic (VOLTS) 


-25 0 25 50 75 
TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CURVES 


FIGURE 7 — OUTPUT CURRENT versus 
OUTPUT VOLTAGE 
(Output Voltage Compliance) 


All Bits On’ 
Ta = Tmin to Tmax 


OUTPUT CURRENT (mA) 


~10 -6.0 -2.0 2.0 6.0 10 14 18 


OUTPUT VOLTAGE (V) 


FIGURE 9 — BIT TRANSFER CHARACTERISTICS 


IREF = 2.0 mA 


OUTPUT CURRENT (mA) 


SS 
CS ae ee ee a 
-12-10-8.0-6.0-4.0-200 204060 8.0 10 12 14 16 18 
LOGIC INPUT VOLTAGE (V) 
NOTE: B1~-B8 have identical transfer characteristics. Bits are fully switched 
with less than 1/2 LSB error, atless than +100 mV from actual 


threshold. These switching points are guaranteed to lie between 
0.8 V and 2.0 V over operating temperature range (V,_¢ = O V). 


FIGURE 11 — POWER SUPPLY CURRENT versus V- 


POWER SUPPLY CURRENT (mA) 


-6.0 
V-, NEGATIVE POWER SUPPLY (Vdc) 


-8.0 -10 -12 -14 


OUTPUT VOLTAGE (V) 


POWER SUPPLY CURRENT (mA) 


POWER SUPPLY CURRENT (mA) 


FIGURE 8 — OUTPUT VOLTAGE COMPLIANCE 
versus TEMPERATURE 


Shaded Area Indicates Permissable 
Output Voltage Range for V~ = -15 V, 
IREF < 2.0 mA 


For Other V- or Iper, See Figure 7. 


-25 0 25 50 15 
TEMPERATURE (°C) 


FIGURE 10 — POWER SUPPLY CURRENT versus V+ 


0 20 40 60 80 #410 12 14 16 8618 20 
V+, POSITIVE POWER SUPPLY (Vdc) 


FIGURE 12 — POWER SUPPLY CURRENT 
versus TEMPERATURE 


fd All Bits “High” or “Low” ll te 4 
= IREF = 2.0 mA Ve=-15V 
pr) a ee 


weave 
oe a 


-25 0 25 50 75 
TEMPERATURE (°C) 
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BASIC CIRCUIT CONFIGURATIONS 


FIGURE 13 — RECOMMENDED FULL SCALE FIGURE 14 — POSITIVE LOW IMPEDANCE 
ADJUSTMENT CIRCUIT OUTPUT OPERATION 


14 
DAC-08 


DAC-08 


Oto+leR: RL 


15 


FR 256 


If complementry output (Negative Logic DAC) operation 1s 


desired, connect inverting input of op amp to To (Pin 2) and 
ground Io (Pin 4). 


FIGURE 15 — NEGATIVE LOW IMPEDANCE FIGURE 16 — BASIC POSITIVE REFERENCE 
OUTPUT OPERATION OPERATION 


MSB LSB 
B2 B4 B6 B8 


IpR~ > IREF 
rR 256 


if complementry output (Negative Logic DAC) is desired, connect 
noninverting input of op amp to Ig (Pin 2) and ground Ig (Pin 4). 


lo+ lo = IFR for 
all logic states lI-FR =~ 
RREF 
FIGURE 17 — BASIC NEGATIVE REFERENCE 
OPERATION 


+*VREF 


nn XK 


For fixed reference, TTL operation, typical values are 
Vrer = +10.000 V Cy, = 0.01 uF 


Rrer = 5.000 k Vic = 0 V (Ground) 
R15 ~ Rreee 


MSB LSB 
B2 B4 B6 B8 


B39 B57B79 


“VREF | 255 
—. 
RREF 256 


lIFR~ 


NOTE: Rpef sets full scale current IpR; R15 is for bias current 
cancellation. 


ee gene en 
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TTL, DTL 
VTH=+t1.4V 


5.0 V CMOS 


VTH=2.8V 


1N4148 


1N4148 


FIGURE 23 — INTERFACING WITH VARIOUS LOGIC FAMILIES 


15 V CMOS, HTL, HNIL 10 V CMOS 
VTIH=7.6V VTH=5.0V 


+15V +10 V 
6.2k 
VLC 
3.6 k 0.1 uF 


10K ECL 


VTH=-1.29V 


1N4148 ie = 
1N4148 2N3904 
1N4148 
-5.0Vto-10V 3.9k 
-5.2V 


NOTE: Do not exceed negative logic input range of DAC. 
VtH=Vic+1.4V 
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FIGURE 24 — SETTLING TIME MEASUREMENT CIRCUIT 


For Turn “On”, Vi=2.7V VL 
For Turn “Off’, VL=0.7V & 


O.1 uF +] 50yuF 
Minimum 


wm 1g TP Prov 
Capacitance = = 
MBD501 

Schottky Diodes 


Q1 


Vout 
2N2222A 


O) 1x Probe 


O 
+15V -15V 


= 50 MHz 


NOTE: Oscilloscope bandwidth for settling time measurement 
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BASIC CIRCUIT CONFIGURATIONS 


FIGURE 21 — BASIC BIPOLAR OUTPUT OPERATION 


Pos Full Range -9.920] +10.000 
Pos Full Range -LSB 
Zero Scale +LSB 
Zero Scale 
Zero Scale -LSB 
Neg Full Scale +LSB 
Neg Full Scale 


FIGURE 22 — OFFSET BINARY OPERATION 


10k 5.0k 


+10V 
MC1404U10 


O 
+15V -15V 


Pos Full Range 


Zero Scale 
Neg Full Scale +1 LSB 
Neg Full Scale 
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r BASIC CIRCUIT CONFIGURATIONS 


FIGURE 18 — ACCOMMODATING BIPOLAR REFERENCES 


R15 
(Optional) 


Rref= R15 +VreF must be above peak positive swing of Vin 
IREF = Peak Negative Swing of lip 


FIGURE 19 — PULSED REFERENCE OPERATION 


+*VREF 
? 
Optional Resistor | 
for Offset Inputs $ RREF 


Typicai Values: Rjpn 5.0k, +Vin = 10 V 


FIGURE 20 — BASIC UNIPOLAR NEGATIVE OPERATION 


EQ 5.000k 
IREF O 


—> 
2.000 mA. 


Full Range 

Half Scale +LSB 

Half Scale 

Half Scale -LSB 

Zero Scale + LSB 
Zero Scale 
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Specifications and Applications 
Information 


SIX BIT, MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 

SILICON MONOLITHIC 
SIX BIT, MULTIPLYING INTEGRATED CIRCUIT 
DIGITAL-TO-ANALOG CONVERTER 


. designed for use where the output current is a linear product 
of a six-bit digital word and an analog input voltage. 


Digital Inputs are MDTL and MTTL Compatible 
Relative Accuracy -—- +0.78% Error maximum 

Low Power Dissipation — 85 mW typical @ +5.0 V 
Adjustable Output Current Scaling 

Fast Settling Time -- 150 ns typical 

Standard Supply Voltage: +5.0 V and -5.0 V to-15 V CERAMIC PACKAGE 


CASE 632-02 
MO-001AA 


FIGURE 1 — OUTPUT CURRENT SETTLING TIME FIGURE 2 — D-to-A TRANSFER CHARACTERISTICS 
(ALL BITS SWITCHED, R, =50 2) ; 


100 ns/DIV. (000000) INPUT WORD (111111) 


TYPICAL APPLICATIONS 


Stepping Motor Drive 

CRT Character Generation 
Digitat Addition and Subtraction 
Analog-Digital Multiplication 
Digital-Digital Multiplication 
Analog-Digital Division 
Programmable Power Supplies 
Speech Encoding 


Tracking A-to-D Converters 

Successive Approximation A-to-D Converters 
Digital-to-Analog Meter Readout 

Sample and Hold 

Peak Detector 

Programmable Gain and Attenuation 

Digital Varicap Tuning 

Video Systems 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Supply Voltage Vcc +5.5 
~16.5 
Vo 


< 
m 
m 


+ 
sd 
S 

< 
m 
m 


Power Dissipation (Package Limitation) 
Ceramic Package 
Derate above Ta = +25°C 


Operating Temperature Range 


MC1506L. 
MC1406L 


-55 to +125 
0 to +70 


Storage Temperature Range 


| V 
ELECTRICAL CHARACTERISTICS (Vcc= +5.0 Vdc, Veg = —15 Vde ref. 2.0 mA, all logic inputs in low logic state, 
TA = Thigh tO Tow, unless otherwise noted.) 


Characteristic 
Relative Accuracy (Error relative to full scale Ic) 


Settling Time (within 1/2 LSB [includes tg] Ta = +25°C) 


Propagation Delay Time 
Ta = +25°C 


Output Full Scale Current Drift 


Digital Input Logic Levels 
High Level, Logic ‘‘1"’ 
Low Level, Logic ‘‘0” 


3,14 
VIH 2.4 
VIL 2 
3,13 mA 
WH 0 
Ne -0.7 , 
aa a a Ss Ee ae 
3 | mA 
Vee = -5.0V 2.0 Vo 
VEE = —15V, Ta = +25°C 20 | 4. ae 
Output Current . 3 mA 
Output Current = 3 3 uA 
Output Voltage Compliance 3,4,5 Vo+ +0.25 +0.1 ' Vdc 
(E,-<+0.78% at Ta = +25°C) Vo- ~0.45 -0.3 
Reference Current Slew Rate SR lref mA/us 
(Ta = +25°C) 


8,15 
Output Current Power Supply Sensitivity pe 10 2] PSRR (-) a 0.002 | 0.010 | ma/v | 


Power Supply Current 3,11,12 mA 
Ai thru A6; Vi, = 0.8 V lec +72 +11 
lEE -9.0 -11 
mw 
85 120 
-[sie[" 


Digital Input Current 
High Level, Vip = 5.0 V 
Low Level, Vj, = 0.8 V 


Reference Input Bias Current (Pin 13) 


Output Current Range 


Al thru A6; Vip = 2.4 V 


Power Dissipation (all bits high) 
Vee = -5.0 Vde 
Veg = -15 Vde 


*Thigh = +70°C for MC1406L. —— Tiow = O°C for MC1406L 
= +125°C for MC1506L = -55°C for MC1506L 
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The MC1506L consists of a reference current amplifier, 
an R-2R ladder, and six high-speed current switches. For 
many applications, only a reference resistor and a reference 
supply voltage need be added. 

The switches are inverting in operation, therefore a low 
state at the input turns on the specified output current 
component. The switches use a current steering technique 
for high speed and a termination amplifier that consists of 
an active load gain stage with unity gain feedback. The 
termination amplifier holds the parasitic capacitance of the 
ladder at a constant voltage during switching and provides 
a low impedance termination of equal voltage for all legs 
of the ladder. 

The R-2R ladder divides the reference amplifier current 
into binarily-related components which are fed to the 
switches. Note that there is always a remainder current 
that is equal to the least significant bit. This current is 
shunted to ground, and the maximum current is 63/64 of 
the reference amplifier current, or 1.969 mA for a 2.0 mA 
reference current if the NPN current source pair is 
perfectly matched. 


BLOCK DIAGRAM 


LSB 
Al A2 A3 A4 AS AG 


CURRENT SWITCHES 


REFERENCE 
CURRENT 
AMPLIFIER 


BIAS CIRCUIT 


NPN CURRENT 
SOURCE PAIR 


COMPLETE CIRCUIT SCHEMATIC 
(Digital Inputs; pins 5,6,7,8,9,10) 


CURRENT 
SWITCHES 


R-2R 
LADDER 


REFERENCE 
CURRENT 
AMPLIFIER 


compensation 6 413 
14 Vret (~) 


J] BORE De Cnce 

4k OUTPUT 
a Se oe oe ne 

800 800 800 800 
400 400 


VCCoell 


Pin 1 no connection. 


BIAS 
CIRCUIT 


= GND 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS 


FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOLTAGE 


Al 

A2 
DIGITAL} A3 MC1506L 
INPUTS MC1406L 


Igo, OUTPUT CURRENT (mA) 


Al ,A2, A3,A4, AS, AG x 
Vy, and lj apply to inputs Al Tee IQ = K {4 4°86 32° 64 \. = {a} Vg, OUTPUT VOLTAGE PIN 4 (Vdc) 
thru A6 


VEE a 
where K = —— 
ie R12 


and Ay = 0 if An isat high level 
AN = 1 if AN is at low level 


FIGURE 5 — MAXIMUM OUTPUT VOLTAGE FIGURE 6 — POSITIVE Vrog¢ 
versus TEMPERATURE 


if R12 = R13 


(ated ae a ae 
eA Nae 
THAR 

ANY ‘ae ee 


TAA WANN \ RANGE FOR 
\\\ 6-BIT ACCURACY 


NN WW 
BEANO NNN NSS 
BEN ANSNNSS cat 
Ba NNNANNWSSS cl 
SSS ed 


100 150 
T, TEMPERATURE (°C) 


R12 


MC 1506L 
MC 1406L 


Vo, OUTPUT VOLTAGE PIN 4 (Vdc) 


-0.6 


FIGURE 8 — REFERENCE CURRENT SLEW RATE 
FIGURE 7 — NEGATIVE Vref MEASUREMENT TEST CIRCUIT 


ir R12= R13 
R12 


Al “I A : 
1 0 
A --) = A2 . 
Vref “LJ ; 
A3 
A3 MC 1506L MC 1506L q 
A4 MC 1406L A4 MC 1406L ——20mA 
C See text for values of C. Slewing 
AG A6 
di dV 1 
dt dt Ri 


V 
VEE EE 


MOTOROLA LINEAR/INTERFACE DEVICES 


6-26 


MC1406L, MC1506L 


TEST CIRCUITS and TYPICAL CHARACTERISTICS (continued) 


’ FIGURE 9 — TRANSIENT RESPONSE 


2.0 Vde 


0.1 uF 


MC 1506L 


MC1506L 
MC 1406L 


FIGURE 11 — TYPICAL POWER SUPPLY CURRENT FIGURE 12 — TYPICAL POWER SUPPLY CURRENT versus VEE 
versus TEMPERATURE 


ed 
Zz E 9.0 
AS E 
rr 
if = 8.0 
ra a 
2 > 
~ & 
a 5 7.0 —— 
a ”n 
a cc Pac cal 
ta = ioc — ALL BITS HIGH 
= = —— 
oO 6.0 
eo. 


TT 


—_— 
icc — ALL BITS LOW 


40 -6.0 -8.0 -10 12 14 16 
T, TEMPERATURE (°C) Vee, NEGATIVE POWER SUPPLY (Vdc) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 13 — LOGIC INPUT CURRENT versus INPUT VOLTAGE 


1.0 
Ph a 
oe ae a Ce ee 
= 08 
So a re ie 
a2 
Lu 
[a ag 
Ee he oe ee 
a ke ee ee 
: \ fe 4 
Q 
Se ee ok eae 
w 0.4 
> 
ee et eee 
t 
s/t Ee eo 
i (ee ase ror 
+ ae ae 
0 1.0 0 3 5.0 6.0 7.0 8.0 


Vin, LOGIC INPUT VOLTAGE (Vdc) 


FIGURE 14 —~ MSB TRANSFER CHARACTERISTICS 
versus TEMPERATURE (MSB IS “WORST CASE”) 


‘EL SEER 
12 | ee | Vo = VIRTUAL GND ——- 1 
z Elis innit bos 7 |p 
= 10 55°C oe! 
5 me = yn ee 
ws NY} ol 
= 08 125°C \—-__# 
= mee ee > ee | ee Se ee 
ae ames 7a wen 
a. 
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Bas al exes e| 
[ow } 
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0.2 os 
= | AY \ 
‘i 2 eS ee 
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Vin, LOGIC INPUT VOLTAGE (Vdc) 


FIGURE 15 — REFERENCE INPUT FREQUENCY RESPONSE 


Unless otherwise specified: 
R1i2= R13 = 1.0k2 
Ri = 50 22 (pin 4 to GND) 


; 
I 
\ : 
g i \ I 
a Curve A: Large Signal Bandwidth 
5 -4.0 (Method of Figure 6) A AW ! 
= Vref = 2.0 V(p-p) offset 1.0 V above GND i 
2 -§.0+Curve B: Small Signal Bandwidth iH | 
= L (Method of Figure 6) z= \ | i 
ro 8.01 Vref = 50 mV(p-p) offset 200 mV above GND B\ | 
ST curve C: Large and Small Signal Bandwidth Bi | 
oe r (Method of Figure 22 with no op-ampl, Ry = 5082)¥ TN 5 
any Rs = Rp = 5082 
-12| Vg = 120 mV(p-p) centered at 0 V Ai [Y | 
0.01 0.02 0.1 0.2 10 20 5.0 10 


f, FREQUENCY (MHz) 


N 


GENERAL INFORMATION 


Output Current Range 


The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages below -6.0 volts, 
due to the increased voltage drop across the 400-ohm 
resistors in the reference current amplifier. 


Output Voltage Compliance 

The MC1506L current switches have been designed for 
high-speed operation and as a result have a restricted out- 
put voltage range, as shown in Figures 4 and 5. When a 
current switch is turned “‘off’’, the follower emitter is 
near ground and a positive voltage on the output terminal 
can turn “on” the output diode and increase the output 
current level. When a current switch is turned ‘‘on’”’, the 
negative output voltage range is restricted. The base of 
the termination circuit Darlington amplifier is one diode 
voltage below ground; thus a negative voltage below the 
specified safe level will drive the low current device of the 
Darlington into saturation, decreasing the output current 
level. 

For example, at +25°C the allowable voltage compliance 
on Pin 4 to maintain six-bit accuracy is +0.1 to -0.3 
Volts. With a full scale output current of 2.0 mA, the 
maximum resistor value that can-be connected from Pin 4 
to ground is 150 ohms. 


Accuracy 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction of the full scale current. The relative accuracy of 
the MC1506L is essentially constant with temperature due 
to the excellent temperature tracking of the monolithic 
resistor ladder. The reference current may drift with 
temperature, causing a change in the absolute accuracy 
of output current. | 

The best temperature performance is achieved with a 
-6.0 V supply and a reference voltage of -3.0 volts. These 
conditions match the voltage across the NPN current source 
pair in the reference amplifier at the lowest possible volt- 
age, matching and optimizing the output impedance of 
the pair. 

The MC1506L/MC1406L is guaranteed accurate to with- 
in +1/2 LSB at +25°C at a full scale output current of 
1.969 mA. This corresponds to a reference amplifier out- 
put current drive to the ladder of 2.0 mA, with the loss of 
one LSB = 31 BA that. is the ladder remainder shunted to 
ground. The input current to Pin 12 has a guaranteed 
current range value of between 1.9 to 2.1 mA, allowing 


rrr tte 
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GENERAL INFORMATION (continued) 


some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 10. The 12-bit 
converter is calibrated for a full scale output current of 
1.969 mA. This is an optional step since the MC1506L 
accuracy is essentially the same between 1.5 to 2.5 mA. 
Then the MC1506L full scale current is trimmed to the 
same value with R12 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 6-bit D-to-A converters may not be used to con- 
struct a 12-bit accurate D-to-A converter. 12-bit accuracy 
implies a total error of +1/2 of one part in 4096, or 
+0.012%, which is more accurate than the +0.78% specifi- 
cation provided by the MC1506L. 


Multiplying Accuracy 

The MC1506L may be used in the multiplying mode 
with six-bit accuracy when the reference current is varied 
over a range of 64:1. The major source of error is the 
bias current of the termination amplifier. Under “‘worst 
case’’ conditions these six amplifiers can contribute a total 
of 6.0 wA extra current at the output terminal. If the 
reference current in the multiplying mode ranges from 
60 vA to 4.0 mA, the 6.0 uA contributes an error of 
0.1 LSB. This is well within six-bit accuracy. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. Typi- 
cally, the MC1506L is monotonic for all values of reference 
current above 0.5 mA. The recommended range for 
operation with a dc reference current is 0.5 to 4.0 mA. 


Settling Time 


The ‘‘worst case’’ switching condition occurs when all 
bits are switched ‘‘on’’, which corresponds to a high-to-low 
transition for all bits. This time is typically 150 ns to 
within +1/2 LSB, while the turn ‘‘off’”’ is typically under 
50 ns. 

The slowest single switch is the least significant bit, 
which turns “‘on’’ and settles in 50 ns and turns “‘‘off”’ in 
30 ns. In applications where the D-to-A converter func- 
tions in a positive-going ramp mode, the ‘‘worst case” 
switching condition does not occur, and a settling time 
of less than 150 ns may be realized. 


Reference Amplifier Drive and Compensation 


The reference amplifier provides a voltage at Pin 12 for 
converting the reference voltage to a current, and a turn- 


around circuit or current mirror for feeding the ladder. 
The reference amplifier input current, 112, must always 
flow into Pin 12 regardless of the setup method or reference 
voltage polarity. 

Connections for a positive reference voltage are shown 
in Figure 6. The reference voltage source supplies the full 
current 112. Compensation is accomplished by Miller feed- 
back from Pin 14 to Pin 13. This compensation method 
yields the best slew rate, typically better than 2.0 mA/us, 
and is independent of the value of R12. R13 must be used 
to establish the proper impedance for compensation at 
Pin 13. For bipolar reference signals, as in the multiplying 
mode, R13 can be tied to a negative voltage corresponding 
to the minimum input level. Another method is shown 
in Figure 22. 

It is possible to eliminate R13 with only a small sacri- 
fice in accuracy and temperature drift. For instance when 
high-speed operation is not needed, a capacitor is connected 
from pin 14 to VEE. The capacitor value must be increased 
when R12 is made larger to maintain a proper phase 
margin. For R12 values of 1.0, 2.5, and 5.0 kilohms, 
minimum capacitor values are 50, 125, and 250 pF. 

Connections for a negative reference voltage are shown 
in Figure 7. A high input impedance is the advantage of 
this method, but Miller feedback cannot be used because 
it feeds the input signal around the PNP directly into the 
high impedance node, causing slewing problems and high 
frequency peaking. Compensation involves a capacitor 
to VEE on Pin 14, using the values of the previous para- 
graph. The negative reference voltage must be at least 
3.0 V above VEE. Bipolar input signals may be handled 
by connecting R12 to a positive reference voltage equal to 
the peak positive input level at Pin 13. 

When a dc reference voltage is used, capacitive bypass 
to ground is recommended. The 5.0 V logic supply is not 
recommended as a reference voltage. If a well regulated 
5.0 V supply which drives logic is to be used as the refer- 
ence, R12 should be decoupled by connecting it to +5.0 V 
through another resistor and bypassing the junction of 
the two resistors with 0.1 uF to ground. For reference 
voltages greater than 5.0 V, a clamp diode is recommended 
between Pin 12 and ground. 

If Pin 12 is driven by a high impedance such as a 
transistor current source, none of the above compensation 
methods apply and the amplifier must be heavily compen- 
sated, thus decreasing the overall bandwidth. 
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APPLICATIONS INFORMATION 
FIGURE 16 — OUTPUT CURRENT VOL TAGE CONVERSION 


MSB Al Vref 


MC 1506L 
MC 1406L 


Voltage outputs of a larger magnitude are obtainable 
with this circuit which uses an external operational ampli- 
fier as a current to voltage converter. This configuration 
automatically keeps the output of the MC1506L at ground 
potential and the operational amplifier can generate a 
positive voltage limited only by its positive supply voltage. 
Frequency response and settling time are primarily deter- 
mined by the characteristics of the operational amplifier. 
In addition, the operational amplifier must be compensated 
for unity gain, and in some cases overcompensation may 
be desirable. 

Note that this configuration results in a positive output 
voltage only, the magnitude of which is dependent on 
the digital input. 

The following circuit shows how the MLM301AG can 
be used in a feedforward mode resulting in a full scale 
settling time on the order of 2.0 us. 


FIGURE 17 


65 pF 


(To pin 4 
of MC1406L) 


Vref = 2.0 Vdc cia 2. ed a ts 
R12 = R13 = 1.0kQ - _ rel Al ,A2,A3,A4, A5, AG) _ = 
Ro=5.0k 9 VO = pip Roly ++ Sag + 37+ By) K Roy AS 


Adjust Rref so that VQ with all digital inputs at 
low level is equal to 9.844 volts, 
2V 1,1,1,1 


Ua lee une 63) 
TK SK) p+ a tg tig t gy t gg) = 10 V (aa) = 9.844 V 


vO= 4°8 i6 32 64 


Vo 


MC1741 or Equiv 


An alternative method is to use the MC1539G and input 
compensation. Response of this circuit is also on the 
order of 2.0 us. See Motorola Application Note AN-459 
for more details on this concept. 


FIGURE 18 


(To pin4 
of MC1506L) 


240 


0.2 uF 


= -15V 


The positive voltage range may be extended by cas- 
coding the output with a high beta common base tran- 
sistor, Q1, as shown. 


Vcc 


5k 


Ge 


MC1506L 


The output voltage range for this circuit is O volts to 
BVcBo of the transistor. Variations in beta must be 
considered for wide temperature range applications. An 
inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the 
collector of the transistor. Also, high-speed operation is 
possible with a large output voltage swing. 
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APPLICATIONS INFORMATION (continued) 


Combined Output Amplifier and Voltage Reference 


For many of its applications the MC1506L requires a 
reference voltage and an operational amplifier. Normally 
the operational amplifier is used as a current to voltage 
converter and its output need only go positive. With the 
popular MC1723G voltage regulator both of these functions 
are provided in a single package with the added bonus of 
up to 150 mA of output current, see Figure 19. Instead 
of powering the MC1723G from a single positive voltage 
supply, it uses a negative bias as well. Although the refer- 
ence voltage of the MC1723G is then developed with 
respect to that negative voltage it appears as a common- 
mode signal to the reference amplifier in the D-to-A con- 
verter. This allows use of its output amplifier as a 
classic current-to-voltage converter with the non-inverting 
input grounded. 

Since +15 V and +5.0 V are normally available in a 
combination digital-to-analog system, only the -5.0 V 
need be developed. A resistor divider is sufficiently accu- 
rate since the allowable range on pin 5 is from ~2.0 to 
-8.0 volts. The 5.0 kilohm pulldown resistor on the ampli- 
fier output is necessary for fast negative transitions. 

Full scale output may be increased to as much as 32 volts 
by increasing RO and raising the +15 V supply voltage to 
35 V maximum. The resistor divider should be altered to 
comply with the maximum limit of 40 volts across the 
MC1723G. Co may be decreased to maintain the same 
ROCo product if maximum speed is desired. 


Programmable Power Supply 


The circuit of Figure 19 can be used as a digitally 
programmed power supply by the addition of thumbwheel 
switches and a BCD-to-binary converter. The output volt- 
age can be scaled in several ways, including 0 to +6.3 volts 
in 0.1-volt increments, +0.05 volt; or O to 31.5 volts in 
0.5-volt increments, +0.25 volt. 


FIGURE 19 — COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 


c- Co = 25 pF 


ie MC1723G | 


ig MC 1506L 
MC1406L 


16k Ro (=) 
Vo =V aw {at 
0 = Vref R12 


Settling time for 10 V step = 1.0 us 
VEE @ -15V 


Bipolar or Negative Output Voltage 

The circuit of Figure 20 is a variation from the standard’ 
voltage output circuit and will produce bipolar output 
signals. A positive current may be sourced into the sum- 
ming node to offset the output voltage in the negative 
direction. For example, if approximately 1.0 mA is used 
a bipolar output signal results which may be described 
as a 6-bit ‘1's’ complement offset binary. Vref may be 
used as this auxiliary reference. Note that Ro has been 
doubled to 10 kilohms because of the anticipated 20 V 
(p-p) output range. 


FIGURE 20 — BIPOLAR OR NEGATIVE OUTPUT 
VOLTAGE CIRCUIT 


Vref 


RB 0 Rp=2R12 
At A A3 a aft AG 10k  -RI2Z=R13 


Veet Al AR AA AS AG) Vial 
Vo=—— (Ro) (— + — +t — te tata) - = R 
O- ay (Ro re oe ee ag 


Polarity Switching Circuit, 6-Bit Magnitude Plus 
Sign D-to-A Converter 

Bipolar outputs may also be obtained by using a polarity 
switching circuit. The circuit of Figure 21, gives 6-bits 
magnitude plus a sign bit. In this configuration the oper- 
ational amplifier is switched between a gain of +1.0 and 
-1.0. Although another operational amplifier is required, 
no more space is taken when a dual operational amplifier 
such as the MC1558G is used. The transistor should be 
selected for a very low saturation voltage and resistance. 


FIGURE 21 — POLARITY SWITCHING CIRCUIT 
(6-Bit Magnitude Plus Sign D-to-A Converter) 


OUTPUT 
OP-AMPL 
Vo = VoP — VoP 


MPS65 14 


POLARITY : 
or Equiv 


CONTROL BIT 
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APPLICATIONS INFORMATION (continued) 


Programmable Gain Amplifier or Digital Attenuator 


When used in the multiplying mode the MC1506L.can 
be applied as a digital attenuator. See Figure 22. One ad- 
vantage of this technique is that if Rs = 50 ohms, no 
compensation capacitor is needed and a wide large signal 
bandwidth is achieved. The small and large signal band- 
widths are now identical and are shown in Figure 15. 


FIGURE 22 — PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 


Vref 


When Vg =0,112=2mA 


Vref . VS {a} 
Vo=| 2! + <8 R 
7 [ss as} vas Ro 
Ro . 


MC 1506L 
MC 1406L - 


50607 
Al A2 A3 A4 AS AG 


Panel Meter Readout 

The MC1506L can be used to read out the status of 
BCD or binary registers or counters in a digital control 
system. The current output can be used to drive directly 
an analog panel meter. External meter shunts may be 
necessary if a meter of less than 2.0 mA full scale is used. 
Full scale calibration can be done by adjusting R12 or Vref. 


FIGURE 23 — PANEL METER READOUT CIRCUIT 


DIGITAL WORD 
FROM COUNTER 
OR REGISTER 


MC 1506L 
MC 1406L 


5 


Rint < 150.2 


The best frequency response is obtained by not allowing 
142 to reach zero. Rg can be set for a+1.0 mA variation 
in relation to 142. 112 can never be negative. 

The output current is always unipolar. The quiescent 
de output current level changes with the digital word that 
makes ac coupling necessary. 


FIGURE 24 — DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 


Vcc VEE 

102=- IB 

NC i. liptio=tor 
19= 02 O11 O03 

See text 


R122 49 4 
O O 
MC1506L - 
R132 43 MC 1406L <—— 
O 102 O 


Vref2 


Vref 1 


MC 1506L 
MC 1406L 


10 290 110 30 
NC 
~ Vee VEE 
Vref {a Vref2 {8} 
lo ='01-lo2 = —— sAe - == 4B 
oi a eae TTF R122 
Digital Subtraction: 
let Vref s Vref2 
R124 R122 
a nos} 
Vo= —— Ro | 4Ap — 
Oe RIN : 


Programmable Amplifier: 
Connect digital inputs so A = B 


Vo= {a} Vreft ot a 


R124 R129 
This digital subtraction application is useful for indi- 
cating when one digital word is approaching another in 
value. More information is available than with a digital 
comparator. 


Bipolar inputs can be accepted by using any of the 
previously described methods, or applied differentially to 


R124 and R129 or R134 and R139. Vo will be a bipolar 


signal defined by the above equation. Note that the circuit 
shown accepts bipolar differential signals but-does not have 
a negative common-mode range. A very useful method is 
to connect R121 and R129 to a positive reference higher 
than the most positive input, and drive R134 and R139. 
This yields high input impedance, bipolar differential and 
common-mode range. The compensation depends on the 
input method used, as shown in previous sections. 
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APPLICATIONS INFORMATION (continued) 
FIGURE 25 — DIGITAL SUMMING and CHARACTER 
GENERATION 


MC 1506L 
MC 1406L 


Vo = (lo1 +102) Ro 
_ [set fa}, Wete {a iG 
~ | R124 R129 


Vref2 


MC 1506L 
MC 1406L 102 


14 
0 See text 


8690 oO} 
ene” 


B 

In a character generation system one MC1506L circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result in a 12-bit D-to-A 
converter (see Accuracy Section). 


FIGURE 27 — PROGRAMMABLE PULSE GENERATOR 


AMPLITUDE 


MC 1506L 
MC 1406L 


(0 to 1 Volt 


Fast rise and fall times require the use of high speed switching 
transistors for the differential pair, Q4 and Q5. Linear ramps 
and sine waves may be generated by the appropriate reference 
input. 


FIGURE 29 — ANALOG DIVISION BY DIGITAL WORD 


MC1506L 
MC 1406L 


ig = CONSTANT 

Ig R12 
Vo=-— 
0 {A 


This circuit yields the inverse of a digital word scaled by a 
constant. For minimum error over the range of operation, |g can 
be set at 62 uA so that 142 will have a maximum value of 3.938 mA 
for a digital bit input configuration of 111110. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used. If a standard 1.0 MHz 
Operational amplifier is employed, it should be overcompensated 
when possibile. If this cannot be done, the reference amplifier 
can furnish the dominant pole with extra Miller feedback from 
pin 14 to 13. If the MC1723 or. another wideband amplifier is 
used, the reference amplifier should always be overcompensated. 


SWITCHING 
INPUT (MTTL) 


50 in 16 mV steps) 


FIGURE 26 — PEAK DETECTING SAMPLE and HOLD 
(Features infinite hold time and optional digital output.) 


CLOCK DETECT/HOLD RESET 


BINARY COUNTER 
ouoe f" 


MC 1506L 
MC 1406L 


COMPARATOR 


Positive peaks may be detected by inserting a hex inverter between 
the counter and MC1506L, reversing the comparator inputs, and 
connecting the output amplifier for unipolar operation. 


FIGURE 28 — PROGRAMMABLE CONSTANT CURRENT SOURCE 
vec 


AMPLITUDE 


MC 1506L 
MC 14064 


Ro = 8182 (100 kM 
atlg=1mA 


Current pulses, ramps, staircases, and sine waves may be generated 
by the appropriate digital and reference inputs. This circuit is 
especially useful in curve tracer applications. 


FIGURE 30 — ANALOG QUOTIENT OF TWO 
DIGITAL WORDS 


MC 1506L MC 1506L 
MC 1406L MC 1406L 


cere nn, pentemmanme” =- = nS nnn east 
A eae 8 
: a if R124 = R122 
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APPLICATIONS INFORMATION (continued) 


FIGURE 31 — ANALOG PRODUCT OF TWO DIGITAL WORDS 
(High-Speed Operation) 


Vref 


MC 1506L MC 1506L 


MC 1406L MC 1406L 


Vv a 
Vo =!01 Ro = rrett {a} Ro 


“ain [ (iia) 


since Rg = R122 and K = Vref/R124 


lo2= K{alat K can be an analog variable. 


Two Digit BCD Conversion 


MC1506L parts which meet the specification for 7-bit 
accuracy can be used for the most significant word when 
building a two digit BCD D-to-A or A-to-D converter. If 
both outputs feed the virtual ground of an operational 
amplifier, 10:1 current scaling can be achieved with a 
resistive current divider. If current output is desired, the 
units may be operated at full scale current levels of 4.0 mA 
and 0.4 mA with the outputs connected to sum the currents. 
The error of the D-to-A converter handling the least sig- 
nificant bits will be scaled down by a factor of ten. 


FIGURE 32 — DIGITAL QUOTIENT of TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 


RESET 


COMPARATOR 
| ana | BIT BINARY 


| ana | 


*GrelRi2 SB MSB 


The circuit shown is a simple counter- 
ramp converter. An UP/DOWN counter 
and dual threshold comparator can be 
used to provide faster operation and 
continuous conversion, 


Vref 


MC 1506L 
MC 1406L 
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Specifications and Applications 


Information 
EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG 
EIGHT-BIT MULTIPLYING CONVERTER 
DIGITAL-TO-ANALOG CONVERTER 

. . . designed for use where the output current is a linear product RGR AGES CIRCE 

of an eight-bit digital word and an analog input voltage. 

@ Eight-Bit Accuracy Available in Both Temperature Ranges 


Relative Accuracy: 0.19% Error maximum 
(MC1408L8, MC1408P8, MC1508L8) 


Seven and Six-Bit Accuracy Available with MC1408 Designated 
by 7 or 6 Suffix after Package Suffix 


@ Fast Settling Time — 300 ns typical 


@ Noninverting Digital Inputs are MTTL and L SUFFIX 
CMOS Compatible CERAMIC PACKAGE 
@ Output Voltage Swing — +0.4 V to -5.0 V CASE 620-02 


High-Speed Multiplying Input 
Slew Rate 4.0 mA/us P SUFFIX 


Standard Supply Voltages: +5.0 V and ee fp 
-5O0Vto-15V 


FIGURE 2 — BLOCK DIAGRAM 
FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS 


Current Switches 


R-2R Ladder 


Reference 
Current 
Amptifier 
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(00000000) (11111111) NPN Current 
INPUT DIGITAL WORD Source Pair 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Audio Digitizing and Decoding 


Successive Approximation A-to-D Converters Programmable Power Supplies 
2 1/2 Digit Panel Meters and DVM's 


Waveform Synthesis 


Analog-Digital Multiplication 
Digital-Digital Multiplication 
Analog-Digital Division 

Digital Addition and Subtraction 
Speech Compression and Expansion 


Sample and Hold 

Peak Detector 

Programmable Gain and Attenuation 
CRT Character Generation 


Stepping Motor Drive 
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| MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


Operating Temperature Range 


MC1508 ~55 to +125 
MC1408 Series 0 to +75 
Vref 
ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = -15 Vdc, Ri 2.0 mA, MC1508L8: Ta = -55°C to +125°C. 


MC1408L Series: Ta = 0 to +75°C unless otherwise noted. All digital inputs at high logic level.) 


Characteristic 


Relative Accuracy (Error relative to full scale Iq) 
MC1508L8, MC1408L8, MC1408P8 
MC1408P7, MC1408L7, See Note 1 
MC1408P6, MC1408L6, See Note 1 


Settling Time to within +1/2 LSB [includes tp, y](T a=+25°C)See Note 2 


Propagation Delay Time 
Ta = +25°C 
Output Full Scale Current Drift 
Digital Input Logic Levels (MSB) 
High Level, Logic 1” 
Low Level, Logic ‘’0” 
Digital Input Current (MSB) 
High Level, Vj = 5.0 V 
Low Level, Vj, = 0.8 V 


Reference Input Bias Current (Pin 15) 


Output Current Range 
VEE =-5.0V 
Vee = -15 V, Ta = 25°C 


Output Current 
ref = 2.000 V, R14 = 1000 2 


Output Current 
(Ali bits low) 


Output Voltage Compliance (E, < 0.19% at Ta = +25°C) 
Pin 1 grounded . -0.55, +0.4 
Pin 1 open, VEE below -10 V -5.0, +0.4 


Reference Current Slew Rate 


Output Current Power Supply Sensitivity . 7 
Power Supply Current 3 ~ lee +13.5 +22 
| (All bits low) lee -7.5 -13 
, Power Supply Voltage Range 3 VccR +4.5 | +5.0 +5.5 Vde 
(Ta = +25°C) VEER -4.5 -15 -16.5 


Power Dissipation 3 mw 
Ail bits low 
Vee = -5.0 Vde 105 170 
Veg = -15 Vde 190 305 
All bits high 
Veg = -5.0 Vde 90 — 
Veg =-15 Vde 160 _ 


| Note 1. All current switches are tested to guarantee at least 50% of rated output current. 
Note 2. All bits switched. 
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TEST CIRCUITS 
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 


Typical Values: R14 = R15= 1k 
Vref =+2.0V 


C = 15 pF Vj, and !; apply to inputs A1 
"th 
eer thru A8 


A20 The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 


144 


Digital) A440 


MC 1408 Al A2 A3 A4 AS A6 A7 AB . 
inputs ) ASO Series lo=K ie ne a et et 
AG O MC1508 Vo 2 4 8 16 32 64 128 256 
Output Vist 
AE where K = —— 
A8 O R14 
— 
+H, and Ay = ‘'1"' if Any is at high level 


An = “0” if Any is at low level 


(See text for 
values of C) 


FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT 
MSB 
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TEST CIRCUITS (continued) 


FIGURE 6 — REFERENCE CURRENT SLEW 
RATE MEASUREMENT 


ea 90% 
Slewing 
| Time 
FIGURE 7 — POSITIVE Vref 
Vcc 
| R14 = R15 
Al 
A20 (+) V ref em oe 


MC 1408 
Series 
MC 1508 


See text for values of C. 


VEE 


FIGURE 8 — NEGATIVE Vref 


Vec 


R14 = R15 


R14 


See text for values of C. 
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FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT 
CIRCUIT SCHEMATIC 


DIGITAL INPUTS 


6QA2 


8QA4 


13 
Veco CPA ie te 
REFERENCE °}- 
of CURRENT “f 
14. | AMPLIFIER “f 
Vref(+)O sim 


160 
COMPENSATION 


9QA5 


LSB 


100A6 110A7 120 A8 4 


‘CURRENT: 
SWITCHES - 


150 03 O1 O02 
Vv 2s Vee OUTPUT GND 
sony) RANGE 
CONTROL 


CIRCUIT DESCRIPTION 


The MC1408 consists of a reference current amplifier, an 
R-2R ladder, and eight high-speed current switches. For many 
applications, only a reference resistor and reference voltage need 
be added. 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 


a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. This current is shunted to ground, and the 
maximum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current source pair is perfectly matched. 
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GENERAL INFORMATION 


Referance Amplifier Drive and Compensation 


The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a curtent, and a turn-around circuit 
or current mirror for feeding the ladder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current 114. For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate R15 with only a small sacrifice 
in accuracy and temperature drift. Another method for bipolar 
inputs is shown in Figure 25. 

The compensation capacitor value must be increased with in- 
creases in R14 to maintain proper phase margin; for R14 values 
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to Veg as this in- 
creases negative supply rejection. 

A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown in Figure 8. 
A high input impedance is the main advantage of this method. 
Compensation involves a capacitor to VEg£ on pin 16, using the 
values of the previous paragraph. The negative reference voltage 
must be at least 3.0-volts above the Veg supply. Bipolar input 
signals may be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 

When adc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5.0-V supply which drives 
logic is to be used as the reference, R14 should be decoupled by 
connecting it to +5.0 V through another resistor and bypassing 
the junction of the two resistors with 0.1 uF to ground. For 
reference voltages greater than 5.0 V, a clamp diode is recommen- 
ded between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods apply 
and the amplifier must be heavily compensated, decreasing the 
overall bandwidth. 


Output Voltage Range 


The voltage on pin 4 is restricted to a range of -0.55 to +0.4 
volts at +25°C, due to the current switching methods employed 
in the MC1408. When a current switch is turned “off’’, the posi- 
tive voltage on the output terminal can turn ‘‘on”’ the output 
diode and increase the output current level. When a current switch 
is turned ‘‘on", the negative output voltage range is restricted. 
The base of the termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe level will drive the low current 
device of the Darlington into saturation, decreasing the output 
current level. 

The negative output voltage compliance of the MC1408 may 
be extended to -5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more negative than -10 volts. 
Using a full scale current of 1.992 mA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output 
of 256 levels between 0 and -4.980 volts. Floating pin 1 does 
not affect the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
increased voltage swing. Values of Ry up to 500 ohms do not sig- 
nificantly affect performance, but a 2.5-kilohm load increases 
“worst case”’ settling time to 1.2 us (when all bits are switched on). 


Refer to the subsequent text section on Settling Time for more 
details on output loading. 

If a power supply value between -5.0 V and -10 V is desired, 
a voltage of between O and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum allowable negative out- 
put swing. 


Output Current Range 


The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages typically more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 


Accuracy 


Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scale current drift. Relative accuracy is the 
measure of each output current level as a fraction of the full scale 
current. The relative accuracy of the MC1408 is essentially 
constant with temperature due to the excellent temperature track- 
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the MC1408 has a very low full 
scale current drift with temperature. 

The MC1408/MC1508 Series is guaranteed accurate to with- 
in +1/2 LSB at +25°C at a full scale output current of 1.992 mA. 
This corresponds to a reference amplifier output current drive to 
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 uA 
which is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA, 
allowing some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 4. The 12-bit converter 
is calibrated for a full scale output current of 1.992 mA. This is 
an optional step since the MC1408 accuracy is essentially the 
same between 1.5 and 2.5 mA. Then the MC1408 circuits’ full 
scale current is trimmed to the same value with R14 so that a zero 
value appears at the error amplifier output. The counter is activated 
and the error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurate D-to-A converter. 16-bit accuracy implies a total 
error of +1/2 of one part in 65, 536, or +0.00076%, which is much 
more accurate than the +0.19% specification provided by the 
MC1408x8. 


Multiplying Accuracy 


The MC1408 may be used in the multiplying mode with 
eight-bit accuracy when the reference current is varied over a range 
of 256:1. The major source of error is the bias current of the 
termination amplifier. Under ‘‘worst case’’ conditions, these eight 
amplifiers can contribute a total of 1.6 wA extra current at the 
output terminal. If the reference current in the multiplying mode 
ranges from 16 vA to 4.0 mA, the 1.6 uA contributes an error 
of 0.1 LSB. This is well within eight-bit accuracy referenced to 
4.0mA. 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
MC1408 is monotonic for all values of reference current above 
0.5mA. The recommended range for operation with a dc reference 
current is 0.5 to 4.0 mA. , 
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GENERAL INFORMATION (Continued) 


Settling Time 


The ‘‘worst case’’ switching condition occurs when all bits are 
switched ‘’on’’, which corresponds to a low-to-high transition for 
all bits. This time is typically 300 ns for settling to within +1/2 
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and 6-bit 
accuracy. The turn off is typically under 100 ns. These times 
apply when Ry S500 ohms and Co S25 pF. 

The slowest single switch is the least significant bit, which turns 
on’’ and settles in 250 ns and turns “‘off’’ in 80 ns. tn applica- 
tions where the D-to-A converter functions in a positive-going 
ramp mode, the ‘worst case’ switching condition does not occur, 
and a settling time of less than 300 ns may be realized. Bit A7 
turns “‘on” in 200 ns and “‘off’’ in 80 ns, while bit A6 turns ‘‘on”’ 
in 150 ns and “‘off’’ in 80 ns. 


ae 


The test circuit of Figure 5 requires a smaller voltage swing for 
the current switches due to internal voltage clamping in the MC- 
1408. A 1.0-kilohm load resistor from pin 4 to ground gives 
a typical settling time of 400 ns. Thus, it is voltage swing and not 
the output RC time constant that determines settling time for 
most applications. 

Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100 uF supply bypassing for low fre- 
quencies, and minimum scope lead length are all mandatory. 


TYPICAL CHARACTERISTICS 
(Vcc = +5.0 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


I, INPUT CURRENT (mA) 


Vy, LOGIC INPUT VOLTAGE (Vdc) 


FIGURE 12 — OUTPUT CURRENT versus OUTPUT VOLTAGE 
(See text for pin 1 restrictions) 


Al @ High Level 
A2-A8 @ Low Level 


Io, OUTPUT CURRENT (mA) 


-3.0 
Vo, OUTPUT VOLTAGE, PIN 4 (Vde) 


-2.0 -1.0 0 
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FIGURE 11 — TRANSFER CHARACTERISTIC versus TEMPERATURE 
(A5 thru A8 thresholds lie within range for A1 thru A4) 


Ig, OUTPUT CURRENT (mA) 


2.0 


3.0 
Vj, LOGIC INPUT VOLTAGE (Vdc) 


FIGURE 13 — OUTPUT VOLTAGE versus TEMPERATURE 
(Negative range with pin 1 open is -5.0 Vdc over full temperature range) 


ee 


for 8-bit Accuracy V 
yy 1 grounded) 


RAZZ AE 
RUAUUAZ 


7 on 


-55 +50 
= TEMPERATURE (°C) 


Vo, OUTPUT VOLTAGE, PIN 4 (Vdc) 
o 


-1.0 
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TYPICAL CHARACTERISTICS (continued) 
(Vcc = +5.0 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 15 — TYPICAL POWER SUPPLY CURRENT 
FIGURE 14 —- REFERENCE INPUT FREQUENCY RESPONSE versus TEMPERATURE (all bits low) 


+8.0 


“CAAT TTI ATT bead dete 
: +40 | 7a Rn 
: ee aa ll . 
i = +20 apr. 2 
| Ss tT CE MT 2 — 
| & 0 man cs = 
! 5 C/N ll : 
oe ae 2 
— a. 
| iW 60 to 
= 8. ++ 
-8.0 a 
-10 
~12 ‘ 
0 0.1 1.0 10 -55 0 +50 +100 +150 
f, FREQUENCY (MHz) " T, TEMPERATURE (°C) 


FIGURE 16 — TYPICAL POWER SUPPLY CURRENT 
versus Veg (all bits low) 


; Unless otherwise specified: 
R14= R18 =1.0k2 
C = 15 pF pin 16 to VEE 
Ry = 50 22, pin 4 to GND 


Curve A: Large Signal Bandwidth 
Method of Figure 7 
Vref = 2.0 V(p-p) offset 1.0 V above GND 


Curve B: Small Signal Bandwidth 
Method of Figure7 Ry = 250 Q2 
Vref = 50 mV(p-p) offset 200 mV above GND 


POWER SUPPLY CURRENT (mA) 


Curve C: Large and Small Signal Bandwidth 
Method of Figure 25 (no op-ampl, Ry. = 50 2) 
Rs = 502 
Vref = 2.0 V 
Vs = 100 mV(p-p) centered at 0 V 


Vee, NEGATIVE POWER SUPPLY (Vdc) 


APPLICATIONS INFORMATION 
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION 
Vec Vref = 2.0 Vde 


R14=R15 =1.0k22 


Theoretical Vo 
Vref 


Vv Al A2 A3 A4 AS A6 A7 A8 
A20 Vo- ref (Aight 4.8 OS Oe, eon ca, oe Qe 
R14 2 4 8 16 32 64 128 256 
A30 MC 1408 
A40 MC 1508 Adjust Vref, R14 or Ro so that Vo with all digital inputs at high 


level is equal to 9.961 volts. 


1k 
v 255 
2 Oo =10v}{——| = 9.961 Vv 
256 
MC1741SG 


or Equiv 


Senes 
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APPLICATIONS INFORMATION (continued) 


Voltage outputs of a larger magnitude are obtainable with this The positive voltage range may be extended by cascading the 
circuit which uses an external operational amplifier as a current output with a high beta common base transistor, Q1, as shown. 
to voltage converter. This configuration automatically keeps the 
output of the MC1408 at ground potential and the operational 
amplifier can generate a positive voltage limited only by its positive FIGURE 20 — EXTENDING POSITIVE 
supply voltage. Frequency response and settling time are primarily VOLTAGE RANGE 
determined by the characteristics of the operational amplifier. In 
addition, the operational amplifier must be compensated for unity 
gain, and in some cases overcompensation may be desirable. 
Note that this configuration results in a positive output voltage 
only, the magnitude of which is dependent on the digital input. Wo 
The following circuit shows how the MLM301AG can be used \ 
in a feedforward mode resulting in a full scale settling time on 
the order of 2.0 us. 


(Resistor and 
diode optional, 


see text) 
MC1508L8 Ge 
FIGURE 18 
30 
65 pF 


The output voltage range for this circuit is 0 volts to BVcBoO 
of the transistor. If pin 1 is left open, the transistor base may be 
grounded, eliminating both the resistor and the diode. Variations 
in beta must be considered for wide temperature range applica- 
tions. An inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the collector of 
the transistor. Also, high-speed operation is possible with a large 
output voltage swing, because pin 4 is held at a constant voltage. 
The resistor (R) to VEE maintains the transistor emitter voltage 
when all bits are ‘’off’’ and insures fast turn-on of the least 

An alternative method is to use the MC1539G and input com- significant bit. 
pensation. Response of this circuit is also on the order of 2.0 us. 

See Motorola Application Note AN-459 for more details on this 
concept. 


(To pin4 
of MC1508L8) 


FIGURE 19 Combined Output Amplifier and Voltage Reference 


For many of its applications the MC1408 requires a reference 
voltage and an operational amplifier. Normally the operational 
amplifier is used as a current to voltage converter and its output 
need only go positive. With the popular MC1723G voltage reguta- 
tor both of these functions are provided in a single package with 
the added bonus of up to 150 mA of output current. See Figure 
21. The MC1723G uses both a positive and negative power supply. 
The reference voltage of the MC1723G is then developed with 
respect to the negative voltage and appears as a common-mode 
signal to the reference amplifier in the D-to-A converter. This 
allows use of its output amplifier as a classic current-to-voltage 
converter with the non-inverting input grounded. 

Since +15 V and +5.0 V are normally available in a combina- 
tion digital-to-analog system, only the -5.0 V need be developed. 
A resistor divider is sufficiently accurate since the allowable range 


(To pin 4 
of MC1508L8) 


0.2 uF on pin 5 is from -2.0 to -8.0 volts. The 5.0 kilohm pulldown 
resistor on the amplifier output is necessary for fast negative 
transitions. 


Full scale output may be increased to as much as 32 volts by 
increasing Rc and raising the +15 V supply voltage to 35 V maxi- 
mum. The resistor divider should be altered to comply with the 
maximum limit of 40 volts across the MC1723G. Co may be 
decreased to maintain the same RQCo product if maximum speed 
is desired. 


emer errr iS A 
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APPLICATIONS INFORMATION (continued) 


Programmable Power Supply FIGURE 22 — BIPOLAR OR NEGATIVE OUTPUT 
The circuit of Figure 21 can be used as a digitally programmed VOLTAGE CIRCUIT 
| power supply by the addition of thumbwheel switches and a BCD- 
to-binary converter. The output voltage can be scaled in several 
ways, including 0 to +25.5 volts in 0.1-volt increments, +0.05 volt; 
or 0 to 5.1 volts in 20 mV increments, +10 mV. 


FIGURE 21 — COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 


MC1408 Series 
MC1508 


Ro 5k 


Co 25 pF 


MSB 
Al -15 Vv R15 = R14 
VEE 
A20 
A3 0 Vo 
5k 
ae MC 1806 Series Vv Al A2 A3 A4 AS AG AT 
As] v 
A5O MC1508 Vos — 2 (6) —— +— + — + — 4 — + — 4+ —— + _ Sens) 
R14 2 4 8 16 32 64 128 256 Rp 
A6 O +15 V 
A70 
A8 O 
LSB FIGURE 23 — BIPOLAR OR INVERTED NEGATIVE 


OUTPUT VOLTAGE CIRCUIT 


A 
eet 


A1A2 A3A4A5 A6 A7 AB 
00000000 
5} 6 7] 8} 9110)11;12 


Vee -15 V 


R 
Vo = Vref -— {a} 


Settling time for a 10-volt step = 1.0 Ms 


MC1408 Series 
MC1508 


MC1741G 


or Equiv Vo 


For A = 00000000 
bit configuration 


Vo = Vref 
For a+5.0 volt output range: 


Vref = -5.00 volts 


-15V R14= R15 =2.5k0 
+5 V ~ Vref C = 37 pF (min) 
Ro =5kQ 


Bipolar or Negative Output Voltage 


The circuit of Figure 22 is a variation from the standard voit- 


age output circuit and will produce bipolar output signals. A ‘Decrease Ro to 2.5 kQ for a 0 to -5.0-volt output range 


positive current may be sourced into the summing node to offset This application provides somewhat lower speed, as previously 
the output voltage in the negative direction. For example, if discussed in the Output Voltage Range section of the General 
approximately 1.0 mA is used a bipolar output signal results which Information. 


eet 


may be described as a 8-bit ‘’1's’’ complement offset binary. Vref 
may be used as this auxiliary reference. Note that Ro has been 
doubled to 10 kilohms because of the anticipated 20 V(p-p) 
output range. 
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APPLICATIONS INFORMATION (continued) 


Polarity Switching Circuit, 8-Bit Magnitude 
Panel Meter Readout 


Plus Sign D-to-A Converter 


Bipolar outputs may also be obtained by using a polarity switch- 
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus 
a sign bit. In this configuration the operational amplifier is switched 
between a gain of +1.0 and -1.0. Although another operational 
amplifier is required, no more space is taken when a dual operational 
amplifier such as the MC1558G is used. The transistor should be 
selected for a very low saturation voltage and resistance. 


FIGURE 24 — POLARITY SWITCHING CIRCUIT 
(8-Bit Magnitude Plus Sign D-to-A Converter) 


Polarity 
Control Bit 


Programmable Gain Amplifier or Digital Attenuator 


When used in the multiplying mode the MC1408 can be 
applied as a digital attenuator. See Figure 25. One advantage of 
this technique is that if Rg = 50 ohms, no compensation capacitor 
is needed. The smal! and large signal bandwidths are now identical 
and are shown in Figure 14. 


The best frequency response is obtained by not allowing !44 
to reach zero. However, the high impedance node, pin 16, is 
clamped to prevent saturation and insure fast recovery when the 
current through R14 goes to zero. Rg can be set for at+1.0 mA 
variation in relation to 174. 144 can never be negative. 

The output current is always unipolar. The quiescent dc output 
current level changes with the digital word which makes ac coupling 
necessary. 


FIGURE 25 — PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 


Vs 


Vref 


When Vs = 0, 114 = 2.0MA 


MC 1408 
Series 
MC1508 


The MC1408 can be used to read out the status of BCD or 
binary registers or counters in a digital control system. The current 
output can be used to drive directly an analog panel meter. Ex- 
ternal meter shunts may be necessary if a meter of less than 2.0 
mA full scale is used. Full scale calibration can be done by adjust- 
ing R14 or Vref. 


FIGURE 26 — PANEL METER READOUT CIRCUIT 


Digital Word From Counter or Register 


Observe internal meter 
resistance (for pin 4 
voltage swing). 


FIGURE 27 — DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 


Vee Vcc 


MC1741G 


MC1408 Series or Equiv 
MC1508 


MC1408 Series 0 
MC1508 
O Vo 
3 
@ 
= MC1741G 
or Equiv 
= Cc 
Vee Vcc 
V V lo2g=-'p 
iBeipgtige* eA Se {8} = 
R144 R149 Ie to" loa 


Programmable Amplifier: 
Connect Digital Inputs so A = B 


Digital Subtraction: 
Vref 1 z Vref 2 


R144 R145 


Let 


Vref 1 Vref 2 


R141 R145 
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APPLICATIONS INFORMATION (continued) 


FIGURE 36 — TWO-DIGIT BCD CONVERSION 


Vo 
MC1741 
LSB |MC1408L7 Sr EGU 
MC1408P7 
Most Significant 
BCD Word 
1.8k 
0.5% 
Vref 
200 0.5% 
Least Significant 
BCD Word 
Voc 
Two 8-bit, D-to-A converters can be used to build a two digit 4.0mA and 0.4 mA with the outputs connected to sum the currents. 
BCD D-to-A or A-to-D converter. If both outputs feed the virtual The error of the D-to-A converter handling the least significant 
ground of an operational amplifier, 10:1 current scaling can be bits will be scaled down by a factor of ten and thus an MC1408L6 
achieved with a resistive current divider. If current output is de- may be used for the least significant word. 


sired, the units may be operated at full scale current levels of 


FIGURE 37 — DIGITAL QUOTIENT OF TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 


Vin Clock Reset 


8-Bit Binary 
Counter 


MC1408 Series 
MC1508 


The circuit shown is a simple counter- MSB 

ramp converter. An UP/DOWN counter = = —_,--—--~’ 

and dual threshold comparator can be Cc 

used to provide faster operation and con- , 

tinuous conversion. C= Vin/Ro 
Vref/R14 
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MC3510 MC3410C 


LASER TRIMMED 


aes TEN BIT, MULTIPLYING 
Specifications and Applications DIGITAL-TO-ANALOG 


Information CONVERTER 


SILICON MONOLITHIC 
TEN BIT D TO A CONVERTER INTEGRATED CIRCUIT 
The MC3410 series devices are low-cost, high-accuracy monolithic 
D/A converter subsystems. Like their MC1408 series predecessors, 
they provide the logic controlled current switches, the R-2R resistor 
ladder network and output termination networks. The output buffer 
amplifier and reference voltage have been omitted from the circuit 
to allow greatest system speed, flexibility and lowest cost. This device 
is useful in industrial control and microprocessor based systems. 
@ Relative Accuracy — +0.05%; Error Maximum 


(MC3510 and MC3410) Pies lice 
Fast Settling Time — 250 ns Typical (CERAMIC PACKAGE) 


Noninverting Digital Inputs are MTTL and CMOS Compatible 
(from 5 to 15 V CMOS) 


Output Voltage Swing — +0.2 V to —2.5 V 

High Speed Multiplying Input Slew Rate — 20 mA/us 
Standard Supply Voltages — +5 V and — 15 V 

All Categories Guaranteed Monotonic Across Temperature 


PIN CONNECTIONS 


Reference Amplifier Internally Compensated 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Programmable Gain and Attenuation 

Successive Approximation A-to-D Converters Programmable Power Supplies Digital Digital 
3-Digit Panel Meters and DVM’s Analog-Digital Multiplication Inputs Inputs 
Waveform Synthesis Digital-Digital Multiplication 

Sample and Hold Speech Compression and Expansion 

Peak Detector Sample Data Systems 


FIGURE 2 — TEN-BIT D/A CONVERTER 
BLOCK DIAGRAM 


— D-to- HARACTERISTIC MSB LSB 
FIGURE 1 — D-to-A TRANSFER CHA S TA RbURD A REBAR ie 
© ©) C) ©) @ O () ©) © O 


Current Switches 


Ladder Terminators 
and 
Trimming Networks 


R-2R Ladder 


lg, OUTPUT CURRENT (mA) 


Vret(+) 
160 


I 


(0000000000) (1111111111) 
INPUT DIGITAL WORD 


150 
Vref (-) 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


rear 


Reference Amplifier Inputs VREF Vcc. VEE | de 
Reference Amplifier Differential Inputs —BEFIO) eee aoe eee eee 


Operating Temperature Range 


MC3510 —55 to +125 
MC3410,C 0 to +70 
Junction Temperature 
Ceramic Package 
Plastic Package 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = —15 Vde, Veh 2.0 mA, MC3510 T, = —55°C to +125°C. 
MC3410 Series: Ta =O to +70°C unless otherwise noted. All digital inputs at high logic level.) 


Relative Accuracy (Error relative to full scale IQ) Ta = 25°C 
ese. ne 


Relative Accuracy Temperature Drift ree to a Scale Ig) a PPM/°C 
Monotonicity (Full Temperature Range) he Se = t Monotonic to 10 Bits 


Settling Time to within #1/2 LSB (Tq = 25°C) (All Bits Low to High) ee a 
Propagation Delay Time tPLH 
Ta = +25°C tPHL 
Output Full Scale Current Drift MC3410, MC3410C TClo cae Fa PPM/°C 
MC3510 70 


Digital Input Logic Levels (Ail Bits) pom foe f= |g fo 
High Level, Logic 1" Vin 2.0 
ViL i 
mA 
High Level, Viz = 5.5V lH 0.04 
Low Level, Vj, = 0.8V He 0.4 


Low Level, Logic ‘’0’ 
[ovina Curent Rene ——SSS™S*S~‘“SCit =| TO T| 


Output Current mA 
Vref = 2.000 V, Ryg = 1000 2 3.996 4.2 

Output Current MC3510, MC3410 10 (min) 2.0 
(All bits low) (Ta = 25°C) MC3410C 4.0 


Output Voltage Compliance (Tp 25°C) 
E, < 0.05% relative to FS — MC3510, MC3410 
E, < 0.10% relative to FS — ~ MC3410C 


Reference Amplifier Slew Rate 


Reference Amplifier Settling Time 
(0 ta 4.0 mA, +0.1%) 


Output Current Power Supply Sensitivity MC3510, MC3410 
MC3410C 


Digital Input Current (All Bits) 


Power Supply Voltage Range Vccr +4.75 +5.0 +5.25 
(Ta = +25°C) VEER -14.25 —15 —15.75 
Power Consumption 
‘ 220 
200 


All Bits high 


All Bits low 
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TEST CIRCUITS 


FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUITS 


V, and |; apply to inputs A1 
thru A10 


The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. MC3510/ 
Digital MC3410 


A2 _A3 , A4 ,A5 , AG , A7 , AB AQ , A10 Inputs 


eh gg ge 


2 32 64 128 256 512 1024 


where K = 2 fa! 
Typical Values: 
R1i5=R16=1k 
and Ay = “1” if Ap is at high level Veet (+) = +2.0 V 
Ay = 0" if Aq is at low level Vref (—) = Gnd 
lo = 4.0mA 


M 


14-Bit 


D/A Converter 
(+ 0.003% 0 to +10 V Output 


Max Error) 


Error (1 V = 0.25%) 


Be ieee Mc3510/Mc3410 


FIGURE 5 — SETTLING TIME 


2.4V 

vi 

MC3410 For settling time 0.4 V 
measurement. 


o|(All bit switched 0.7. V internal Clamp Level 
Vo_ low to high) 


lead Rise and Fall Times < 10 ns 


MC3510/ R 


oer Vo 
= fy) 


ts — 250 ns Typical 
to + 1/2 LSB 


Use R; to Gnd for Turn-Off Measurement 
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| TEST CIRCUITS (Continued) 


FIGURE 6 — PROPAGATION DELAY TIME 


Rise and Fall Times < 10ns 


| MC3510/ 

| MC3410 

Oo For Propagation 
Delay Time 


FIGURE 7 — REFERENCE AMPLIFIER SETTLING TIME AND SLEW RATE 


Vref (+) 
e 


MC3510/ 
MC3410 


Internal Clamp Level 


Slew Rate - 


ts = 2us Typical 
to +0.1% 


Use Ry, = 2082 to Gnd for 
Slew Rate Measurement 


FIGURE 9 — NEGATIVE Vyer¢ 


Vcc 


R15 ~ R16 R15 ~ R16 
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MSB 
449 Al 


5 OA2 B OAS 


1O0VEE 150V 


FIGURE 10 — MC3410 10-BIT D/A CONVERTER EQUIVALENT Ci 


90 AG 10 OA7 


aU Use Ue EL 


ret (—) 


RCUIT 
12 13 
11 OAB Das A10 


THe 


seis 


CIRCUIT DESCRIPTION 


The MC3410 consists of a reference current amplifier, a cif- 
fused R-2R ladder, a laser trimming network, and ten high-speed 
current switches. The trimming method employed makes it 
possible to improve the linearity attainable with modern dif- 
fusion technology by as much as a factor of ten so that a highly 
linear part results. The trim is performed by cutting aluminum 
links arranged to give incremental variations in voltage at the 
ladder termination amplifiers (See Figure 10). This yields a high- 
ly stable trim with no increase in fabrication complexity. 

The switches are non-inverting in operation, so that a high 
state on an input turns on the specific component of output 
current. The switches use current steering for speed, and inter- 


Reference Voltage 


face the R-2R ladder through unity gain feedback termination 
amplifiers, which provide low impedance terminations of equal 
voltage for all legs of the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the current 
switches. The three least-significant bit switches derive their 
current through emitter scaling from the last leg of the ladder. 
The remaining current, equal to one LSB, is shunted to Vcc at 
the LSB switch. Therefore, the maximum output current is 
1023/1024 of the reference amplifier current, or nominally 
3.996 mA for a 2.000 mA reference input current. 


To generate the precision voltage reference input for the 


MC3410, either the MC1403 or the MC1404 may be used. 
The MC1403 produces a 2.5 V +1% output voltage while the 
MC 1404 produces a 10 V +1% output. Both have excellent 
temperature and long term stability. In order to reduce the 
effect of reference amplifier offset voltage on overall accuracy, 
the highest possible stability reference voltage should be used. 
Therefore, in systems with a +15 V supply, the MC1404 (10 V) 
is recommended. Where the most positive supply is only +5 V, 
the MC1403 provides a 2.5 V reference. To set the reference 
current exactly, a low temperature coefficient potentiometer 
in series with R1 should be used. 
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GENERAL INFORMATION 


Reference Amplifier 


The reference amplifier allows the user to Provide a voltage 
and a resistor to Pin 16 to convert the reference voltage to a 
current. A current mirror doubles this reference current and 
feeds it to the R-2R ladder. Thus for a reference voltage of 
2.0 Volts and 1 k& resistor tied to Pin 16, the full-scale current 
is approximately 4.0 mA. The reference input current, 116, 
must flow into Pin 16 regardless of the setup method or 
reference voltage polarity. 

Connections for a positive reference voltage are shown in 
Figure 8. The reference voltage source supplies the full current 
116. For bipolar refererence signals, as in the multiplying mode, 
R15 can be tied to a negative voltage corresponding to the 
minimum input level. 

The reference amplifier is internally compensated with a 10 
PF feed-forward capacitor, which gives it its high slew rate and 
fast settling time. Proper phase margin is maintained with all 
possible values of R16 and reference voltages which supply 2.0 
mA reference current into Pin 16. The reference current can 
also be supplied by a high impedance current source of 2.0 mA. 
As R16 increases, the bandwidth of the amplifier decreases 
slightly and settling time increases. For a current source with a 
dynamic output impedance of 1.0 MQ, the bandwidth of the 
reference amplifier is approximately half what it is in the case 
of R16 = 1.0 k®, and settling time is ~ 10 us. The reference 
amplifier phase margin decreases as the current source value 
decreases in the case of a current source reference, so that the 
minimum reference current supplied from a current source is 
0.5 mA for stability. 

A negative reference voltage may be used if R16 is grounded 
and the reference voltage is applied to R15 as shown in Figure 
9. A high input impedance is the main advantage of this method. 
The negative reference voltage must be at least 3 Volts above the 
VEE supply for proper operation. Bipolar input signals may be 
handled by connecting R16 to a Positive voltage equal to the 
peak positive input level at Pin 15. 

When a dc reference voltage is used, capacitive bypass to 
ground is recommended. The 5-V logic supply is not recom- 
mended as a reference voltage. If a well regulated 5.0-V supply, 
which drives logic, is to be used as the reference, R16 should be 
decoupled by connecting it to the +5.0 V logic supply through 
another resistor and bypassing the junction of the two resistors 
with a 0.1 uF capacitor to ground. 


Output Voltage Range 


The voltage on Pin 3 is restricted to a range of —2.5 V to 
+0.2 V due to the current switching methods employed in the 
MC3410. When a current switch is turned off, the positive volt- 
age at the output terminal can turn on the output diode and in- 
crease the output current. When a current switch is on, the nega- 
tive output voltage range is restricted to the point at which the 
low current device of the termination amplifier Darlington be- 
gins to saturate, resulting in a decrease in output current. 

The output voltage compliance is guaranteed at 25°C. Note 
from Figure 14 that the output compliance of the MC3410 is 
nearly constant over temperature. 


Accuracy 


Absolute accuracy is a measure of each output current level 
with respect to its intended value. It is dependent upon relative 
accuracy and full scale current drift. Relative accuracy, or 
linearity, is the measure of each output current with respect to 
its intended fraction of the full scale current. The relative accu- 
racy of the MC3410 is fairly constant over temperature due to 
the excellent temperature tracking, of the diffused resistors. The 
full scale current from the reference amplifier may drift with 
temperature causing a change in the absolute accuracy. However, 
the MC3410.has a low full scale current drift with temperature. 

The MC3510 and MC3410 are guaranteed accurate to within 
+1/2 LSB at 25°C and at a full scale current of 3.996 mA. 
Input reference current to Pin 16 is guaranteed to be between 


1.9 and 2.1 mA to produce a full scale output current of 3.996 
mA. The relative accuracy test circuit is shown in Figure 4. The 
14 bit D/A converter is calibrated for a full scale output of 3.996 
mA, This is an optional step as the relative accuracy of the 


'MC3410 is nearly constant between 3mAand 5 matull scale cur- 


rent. The MC3410 is calibrated at full scale with the 14-bit 
reference D/A by adjusting R16 until the error voltage goes to 
zero. The counter is activated and the error band may be dis- 
played on an oscilloscope, detected by comparators, or stored on 
a peak detector, 


Monotonicity 


The MC3510, MC3410 and MC3410C are all guaranteed to 
be monotonic at temperature. This guarantees that for every 
increase in the input digital word, the output current either 
remains the same or increases, but never decreases. The MC3510 
and MC3410 are monotonic over their respective temperature 
ranges. In the multiplying mode (when the reference current is 
varied), monotonicity is typically maintained for all values of 
input reference current above 0.5 mA. 


Settling Time 


The worst case switching condition occurs when all bits are 
switched ‘‘on,"’ which corresponds to a low-to-high transition for 
all bits. This time is typically 250 ns for the Output to settle to 
within + 1/2 LSB for 10-bit accuracy, and 200 ns for 8-bit 
accuracy. The turn-off time is typically 120 ns. These times 
apply when the output swing is limited to a small (< 0.7 Volt) 
swing and the external output capacitance is under 25 pF. 

The major carry (MSB off-to-on, all others on-to-off) settles 
in approximately the same time as when all bits are switched 
off-to-on. 

The slowest switches are bit A10 (LSB) and bit AQ, which 
turn on and settle in typically 200 ns, and turn off in 100 ns. 

In the test circuit of Figure 5, the output voltage is internally 
clamped in the MC3410 at about 0.7 Voits above ground. The 
output is thus limited to a 0.7 Volt swing. If a load resistor of 
625 Ohms is connected to ground, allowing the output to swing 
to --2.5 Volts, the settling time increases to 1.5 Ms. 

Extra care must be taken in board layout as this is usually the 


‘dominant factor in satisfactory test results when measuring 


settling time. Short leads, 100uF supply bypassing, and mini- 
mum scope lead length are all necessary. 


MC3510 TERMINOLOGY 


RELATIVE ACCURACY — Maximum output deviation from 
the straight line connecting zero and full scale, expressed 
as a percentage of full scale. 

RELATIVE ACCURACY DRIFT — The average change in 
linearity error that will occur with a change in ambient 
temperature, expressed in parts per million of full scale per 
degree C. 

MONOTONICITY — For every increase in the input digital 
word, the output current either remains the same or increases. 

SETTLING TIME — The elapsed time from the input transition 
until the output has settled within an error band about its 
final value. 

OUTPUT FULL SCALE CURRENT DRIFT — The average 
change in full scale current between 25°C and either tempera- 
ture extreme, expressed in parts per million of full scale per 
degree C. 

REFERENCE AMPLIFIER SLEW RATE — The maximum rate 
of change of the full scale output current expressed in 
milliamperes per microsecond. 

OUTPUT VOLTAGE COMPLIANCE — The maximum voltage 
that can be applied to the output pin so that the specified 
change in output current is not exceeded. 

POWER SUPPLY SENSITIVITY — The change in full scale 
current caused by a change in Veg, expressed as a percent 
of full scale current per percent change in VEE. 
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TYPICAL CHARACTERISTICS 


FIGURE 11 — LOGIC INPUT CURRENT FIGURE 12 — TRANSFER CHARACTERISTIC 
versus INPUT VOLTAGE versus TEMPERATURE 
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APPLICATIONS INFORMATION 


Voltage outputs are obtainable with this circuit which uses an FIGURE 19 — EXTENDING POSITIVE 
external operational amplifier as a current to voltage con- VOLTAGE RANGE 
verter. This configuration automatically keeps the output of 
the MC3410 at ground potential and the operational amplifier 
can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are 
primarily determined by the characteristics of the operational 
amplifier. In addition, the operational amplifier must be 
compensated for unity gain, and in some cases overcompensa- 
tion may be desirable. 

Note that this configuration results in a positive output volt- 
age only, the magnitude of which is dependent on the digital 
input. 

The following circuit | shows | how ' the LM301A can'be 

| used in a feedforward mode resuiting in a full scale settling time 
| on the order of 2.0 us. . 


Alo9O 


MC3410 


FIGURE 17 1 


Select R fora 
current of 1 uA 


65 pF 


(To Pin3 
of MC3410) The output voltage range for this circuit is 0 volts to BVcRO 
of the transistor. Variations in beta must be considered for wide 
temperature range applications. An inverted output waveform 
may be obtained by using a load resistor from a positive refer- 
ence voltage to the collector of the transistor. Also, high-speed 
operation is possible with a large output voltage swing, because 
Pin 3 is held at a constant voltage. The resistor (R) to Veg main- 
tains the transistor emitter voltage when all bits are “off’’ and 
insures fast turn-on of the least significant bit. 


An alternative method is to use the MC1539 and input 
compensation. Response of this circuit is also on the order of 


2.0 us.\ 
FIGURE 20 — OUTPUT CURRENT TO 
VOLTAGE CONVERSION 
QO+15 V 
2 
10 Volts Vv 
FIGURE 18 Ro = grea = 2.5k feng 6} uc | apy 
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5 R2 
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The positive voltage range may be extended by cascading 


: ; : 2R At A2,A3, A4,A5 AG. A7. AB AQ. A110 
the output with a high beta common base transistor, Q1, as Vo =e 2 Vos [A 4 AS 4 AS 4 AF, AS, AG, AT, AB AD 
eee ’ OnTR, “ref 2 4 te * 46 * 32 764 *128* 256" 512 * i024 


for 10 volt fullscale calibration 


2(2.5 k) 1023 
= 42:8 8" 10 Voits | 1923 - 
MO" S6K Ea Vo = 10 Volts [0.9990] 


Ro = Full Scale Adjust 
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APPLICATIONS INFORMATION (Continued) 


Bipolar or Negative Output Voltage 


The circuit in Figure 21 is a variation of the standard output 
voltage circuit in Figure 20. A negative or offset binary out- 
put may be obtained by sourcing current from the reference 
into the output through Reg. If Rpg allows 2 mA (Rg = 5 kQ 
from 10 Volts) then 1000000000 input will generate zero 
output voitage. 


FIGURE 21 — OFFSET BINARY OR 
BIPOLAR DAC 


MC3410 


Successive Approximation A to D 


The fastest and most efficient means of A to D conversion 
using D to A convertors is successive approximation (SA). 
Similar in appearance to staircase devices, the SA converter is 
capable of 100 times faster conversions for a 10-bit result. A 
complete 10-bit SA coverter using MC3410 and MC14559B/49B 
successive approximation registers is shown in Figure 22. The 
complexity which results in higher conversion speeds is con- 
tained in the MC14559B/49B registers. Quite simply, the register 
compares the DAC output resulting from activating each bit 
with the input voltage. This is done starting with most signifi- 
cant bit and after 10 comparisons generates the 10-bit binary 
output representing that input. The accuracy of the conversion 
is fixed by the accuracy of the MC3410 and is not dependent 
on tolerances of the other components. An EOC outout is 
available and can be used to latch the parallel output or to 
synchronize the serial output which is also available. For more 
details on SA converters, see AN-716. 


For Offset Binary Output From +45 V to —-5 V 


Ro = 2.5 kQ 
Rg ='5 kK 


FIGURE 22 — SUCCESSIVE APPROXIMATION CONVERTER 
USING MC3410 AND MC1404 
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APPLICATIONS INFORMATION (Continued) 
Staircase A to D 


If high conversion speed is not required, a staircase A to D One advantage of staircase convertors is the ease with which 


convertor can be built for somewhat lower cost. A complete BCD outputs may be obtained. Figure 24 shows a 3-digit panel 
Staircase A/D convertor is shown in Figure 23. Here the com- meter using the staircase technique and an MC14553B 3-decade 
plicated SA registers are replaced with simple binary counters. counter. The circuit function is similar to Figure 23 but Multi- 
| With an input voltage applied, the binary counter is reset by plexed BCD output is available from the MC14553B counters. 
| the convert command pulse and the begin accumulating counts. Parallel BCD may be obtained with equal ease using the 
The DAC output steps upward until the comparator detects MC14518B 2-decade CMOS counters. 

that the input is equal to the DAC output. The counters are In both these staircase designs the system accuracy is deter- 
disabled and the conversion result is held at the output until mined by the specified accuracy of the MC3410. 


the circuit is reset by the convert command input. 


| FIGURE 23 — 10-BIT STAIRCASE A to D USING MC3410 AND MC1403 
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FIGURE 24 — 3-DIGIT DVM USING MC3410 AND MC1403 
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APPLICATIONS INFORMATION (Continued) 


FIGURE 25 — ALTERNATE APPROACH STAIRCASE A TO D 
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BCD D to A Converter 


BCD output A to D conversions are most easily accomplished 
by accumulating the digital results in two different counters, but 
that concept does not extend to BCD Dto A techniques. Using 
the circuit in Figure 26 a three-digit BCD number can be con- 
verted to a 10-bit accurate voltage.|The MC14008B’s perform 
the combinational BCD-to-Binary conversion. The accuracy of 
this circuit is also solely dependent on the accuracy of the 
MC3410. 


FIGURE 26 — 3-DECADE BCD DAC 
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COMPLETE 12-BiT 
HIGH-SPEED MONOLITHIC D/A CONVERTER 


The MC3412/3512 is a monolithic 12-bit resolution current out- 
put D/A converter. It contains a highly stable bandgap reference 
capable of supplying 1.5 mA externally, trimmed to + 0.25% max- 
imum error. Active laser trimming of thin film ladder network, 
reference, span, bipolar offset, and bandgap resistors at wafer 
level provide high accuracy and linearity of better than + 1% LSB. 
An innovative bit switching scheme provides fast settling time 
with either CMOS or TTL thresholds. Precision internal span 
resistors allow output voltage options of 0 to 5.0 V, 0 to 10 V, 
+2.5 V, +5.0 V, and +10 V. 12-bit accuracy and a fast settling 
time of typically 200 ns (to +% LSB) make this converter ideal 
for applications such as a fast A/D building block and CRT displays. 


@ True 12-Bit Linearity: + Y2 LSB Max 

e@ Fast Settling Time: +% LSB in 200 ns Typ 
Fully Monotonic Over Temperature Range 
Highly Stable Bandgap Voltage Reference On Chip 
Linearity Guaranteed Over Temperature 
Low Power Consumption: 210 mW 
Pinout Compatible with AD563 and AD565 
Selectable Digital Thresholds 


Internal Application Resistors for Generating Calibrated Output 
Voltages 


BLOCK DIAGRAM 


CMOS/TTL 
VCC Threshold 


Bipolar. 
2423222129 194g81716 1514413 Offset 


Reference 
se 10 Voit 
- Reference 
Reference TALL 
oe : 20 V 
; Span 
Analog R2R Ladder 
Com 


7OVEE 


Digital Com 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA 


LASER TRIMMED 
HIGH-SPEED 
12-BIT D/A CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 716-06 


PIN CONNECTIONS 


NC 


CMOS/TTL 
Threshold 


Vcc 
Ref Out 
Ana Com 


Ref in 


Bit 1 (MSB) 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bité 
VEE 
Bipolar 


Offset 
DAC Out 


10 V Span 


20 V Span 
Dig Com 
(Gnd) 


o 
2 
3 
4 
5 
6 
7 
8 
9 


~—) Bit 12 (LSB) 


ORDERING INFORMATION 


Temperature Range 
MC3412L j{0°C to +70°C Ceramic DIP 
MC3512L {—55°C to + 125°C Ceramic DIP 
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Analog Ground to Digital Ground 


Reference Input to Analog Ground 
Reference Current 


Bipolar Offset to Analog Ground 
Ten Volt Span Resistor to Analog Ground 
Twenty Volt Span Resistor to Analog Ground 
Power Dissipation 


Storage Temperature Range 


TERMINOLOGY 


Nonlinearity (Relative Accuracy) — Maximum output 
deviation from ideal straight line connecting zero and 
full-scale readings, expressed as a fraction of LSB or 
percent of full scale. 


Differential Nonlinearity — Maximum deviation in the 
readings of any two adjacent input bit codes from the 
ideal LSB step, expressed in fractions of LSB or per- 
centage of full scale. A differential nonlinearity value 
greater than 1 LSB may lead to non-monitonic 
operation. 


Monotonicity — For every increase in the input digital 
word, the output current either remains the same or 
increases. 

The MC3512 and MC3412 are all guaranteed to be 
monotonic over temperature. 


Settling Time — The elapsed time from the input tran- 
sition until the output has settled within an error band 
about its final value. 

The worst case switching condition occurs when all 
bits are switched “‘on,”’ which corresponds to a low- 
to-high transition for all bits. This time is typically 200 
ns for the output to settle to within + % LSB for 12 
bit accuracy. The turn-off time is typically 120 ns. 
These times apply when the output swing is limited 
to a small (<0.5 V) swing and the external output ca- 
pacitance is under 10 pF. 


Gain Error — The difference between the actual full 
scale range (difference in output between all bits on, 
and all bits off) and the ideal full scale range. Based 
on a0 to 10 V output configuration, the ideal FSR is 
4095 
1096 x 10 = 9.99756 V. 

Gain error is expressed in percentage of full scale 
(FS). 


MAXIMUM RATING (T, = 25°C unless otherwise noted.) 
rSSSSSCSRating | Srmbot vate | Unit | 
Power Supply Voltage Eve 


Applied Output Voltage (Pin 9) —7.0 to +12 
Digital Input Voltage (Pins 13 to 24) —5.0to +18 | 


Operating Temperature Range MC3412 TA 0 to 70 °C 
MC3512 —55 to +125 


Ceramic 


VAD Ve 
Vdc 
Vdc 

VR 


Short circuit 
to either Com 
(Ground) or 


es 1) ee 
es ee 


Unipolar Offset Error — Using the configuration 
shown in Figure 1, with R1 = 50 ohms and with all 
bits off, the output voltage reading compared to zero 
is expressed as a percentage of the full scale range. 
Offset voltage of the output op amp must be nulled. 


Bipolar Offset Error — Using the configuration shown 
in Figure 2, with R2 = 50 ohms with all bits off, the 
output voltage reading compared to the ideal negative 
full scale value is expressed as a percentage of the 
full scale range. Offset voltage of the output op amp 
must be nulled. 


Bipolar Zero Error — Using the configuration shown 
in Figure 2, with R1 = R2 = 500, with the MSB on 
and all other bits off, the output voltage reading com- 
pared to zero is expressed as a percentage of the full- 
scale range. Offset voltage of the output op amp must 
be nulled. 


Temperature Coefficients — (Unipolar offset, Bipolar 
offset, Gain and Differential Nonlinearity). The maxi- 
mum deviation of the particular parameter over the 
specified temperature range, divided by the temper- 
ature range, expressed in parts per million of Full 
Scale Range per degree C. 


Compliance Voltage Range — The output terminal 
voltage range which will provide specified output re- 
sistance and current characteristics. The compliance 
voltage is specified with Vee = — 15. The compliance 
voltage range follows as Vee is varied. 


Power Supply Sensitivity — The change in full scale 
current caused by a change in VEE or VCC expressed 
in ppm of full scale current per percent change in VEE 
or VCC. 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, MC3512: TA = 55 to 125°C, MC3412: Ta = 0 to +70°C All tests 
. performed using internal reference, unless otherwise noted.) 


Characteristic 


TTL Digital Logic Levels (All Bits) 
(Pin 2 open circuit) 
13.56 < Vcc < 16.5 V 
Bit On, Logic “1” 
Bit Off, Logic ‘‘0’’ 
CMOS Digital Logic Levels (All Pins) 
(Pin 2 tied to Pin 3) 
13.5 < Vcc < 16.5 V 
Bit On, Logic 1” 
Bit Off, Logic ‘‘0’ 
Digital Input Current (CMOS/TTL Levels) 
Bit On, Logic “1” 
Bit Off, Logic “’0’ 
Programmable Output Range 
See Figures 1 and 2 


Output Current (Ta = 25°C) 
Unipolar (All Bits On) 
Bipolar (Ali Bits On or Off) 


Output Resistance (Ta = 25°C) 
(Exclusive of Span Resistors) 


Output Capacitance (Ta = 25°C) 
Output Compliance Voltage Range 
Nonlinearity (Ta = 25 °C) 


4s 


Typ 


V 
Vcc om 
— 30% Vcc 


pA 
+0.02 +1.0 
— 2.0 —~75 


0 to +5.0 
—2.5to +2.5 


Typ 


VIH 
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VIH 70% 
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0 to +5.0 
—2.5 to +2.5 
0 to +10 
—5.0 to +5.0 
—10 to +10 


/ 


i 
LE 


+ 0.8 


aoilt | 
~|o- 
Oya: 

om 


NO 


(2) 
s| 8 
I+ | 
=" 
DA 
3 
> 


+10 


+ Vg + VY 
(0.006) (0.012) § 


I+ | 
=N 
NA 


—_ 

(o>) 
I+ | 
a =N 
oo 


= ea (RS 
+ VW + Yo LSB 
(0.006) (0.012) % of FS 
+V Vy +V, +¥Vy LSB 
(0.012) (0.018) (.012) (0.018) % of FS 
+Y% LSB 


Monotonicity Guaranteed 


215 
TA 


Nonlinearity 


Differential Nonlinearity (Ta = 25°C) 
Differential Nonlinearity 


| 
— 


Gain Error — Figure 1, R1 = Fixed 50 0 % of FS 
(Ta = 25°C) +0.1 +0.25 +0.25 

Offset Error | 
Unipolar — Figure 1 % of FS 
Bipolar — Figure 2, R2 = Fixed 500 
(Ta = 25°C) 

Bipolar Zero Error — Figure 2, $ of FS 
R1 = R2 = Fixed 50 0 (Ta: = 25°C) +0.05 +0.15 

Gain Adjustment Range — Figure 1 +0.25 % of FS 
(Ta = 25°C) 

Bipolar Offset Adjustment Range — +0.15 % of FS 
Figure 2 (Ta = 25°C) 

Unipolar Zero Temperature Coefficient ae a a ee ppm/°C 

Bipolar Zero Temperature Coefficient | Crd — | bo Tt Ci” ppm/°C 

Gain Temperature Coefficient, Full Scale ae eS ee ee ee ppm/°C 

Differential Nonlinearity Temperature 2.0 ppm/°C 
Coefficient 

Settling Time to % LSB (Ta = 25°C) ts 200 
All Bits On-to-Off or Off-to-On 

Reference Input Impedance 15 20 25 25 0 
(Ta = 25°C) 

Reference Output Voltage (Ta = 25°C) V | 9.950 | Volts 


3 
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3 
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N 
ae : 
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NO 
ol 


Te 
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ogo 


Reference Output Current — Available to 
External Loads (Ta = 25°C) 


Power Supply Current 
Vcc +13.5 to + 16.5 Vdc 
VEE — 10.8 to — 16.5 Vdc 
(Ta = 25°C) 
Power Supply Gain Sensitivity 
Vcc + 13.5 to + 16.5 Vde 
VEE —10.8 to — 16.5 Vdc 
(TA = 25°C) 


ppm of 
FS/% 
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FIGURE 1 — MC3412 IN TYPICAL UNIPOLAR CONNECTION SCHEME 


+15V 


CMOS/TTL 
Threshold 


O3 


R1 100 
15T 


O7 
NB. 


UNIPOLAR DAC OPERATION 
A typical circuit configuration for unipolar operation 
of MC3412 is shown in Figure 1. 


Step 1 — Output Range 

Determine which output range is required. For + 5.0 
Volt full scale (FS) range, connect Pin 10 to output of 
external operational amplifier output and short Pin 9 
to Pin 11. For +10 Volt FS range, connect Pin 10 to 
external operational amplifier output, Pin 11 remains 
unconnected. 


10 
O-- eer rc cCcC oe 4 
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9 | 
O | 
O Vout 
+15V 
8 Rx 
©) 
3M one ee 
djust 
12 15T 
-O 
-15V 


Step 2 — Zero Adjust 
Turn all bits OFF and adjust R2 until external op- 
erational amplifier output is 0 Volts. 


Step 3 — Gain Adjust 

Turn all bits ON. Adjust R1 until operational ampli- 
fier output reaches 4.9988 Volts for +5.0 Volt range 
or 9.9976 for + 10 Volt range. 


ern Se 
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FIGURE 2 — MC3412 IN TYPICAL BIPOLAR CONNECTION SCHEME 
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BIPOLAR DAC OPERATION 
A typical circuit configuration for bipolar operation Step 2 — Offset Adjust 
of MC3412 is shown in Figure 2. Turn all bits OFF. Adjust R2 until operational am- 
plifier output is: 
Step 1 — Output Range — 2.5000 Volt for +2.5 Volt range 
Determine which output range is required. For +2.5 — 5.0000 Volt for +5.0 Volt range 
Volts full scale (FS) range, connect Pin 10 to output of — 10.0000 Volt for +10 Volt range 
external operational amplifier and short Pin 9 to Pin 
11. For +5.0 Volt FS range, connect Pin 10 to output Step 3 — Gain Adjust (Bipolar Zero) 
of external operational amplifier, Pin 11 remains un- Turn MSB ON and all other bits OFF. Adjust R1 aati 
connected. For +10 Volt FS range, connect Pin 11 to operational amplifier output is 0 Volts. 


output of external operational amplifier, Pin 10 re- 
mains unconnected. 


NOTES: 

1. For TTL and DTL compatibility, leave Pin 2 open. 

2. For high voltage CMOS compatibility, short Pin 2 to 
Pin 3. 

3. Supplies should be bypassed with 0.1 F capacitors. 

4. In unipolar operation, Ry should be made equal to 
the internal feedback resistor. In bipolar, Ry equals 
the feedback resistor in parallel with 10 k. 


a a 
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(AA) MOTOROLA MC6890 . 


Advance Information 


MPU-BUS-COMPATIBLE 
8-BIT D-TO-A CONVERTER 

The MC6890 is a self-contained, bus-compatible, 8 bit (+0.19% 
accuracy) D-to-A converter system capable of interfacing directly 
with 8-bit microprocessors. 

Available in both commercial and military temperature ranges, this 
monolithic converter contains master/slave registers to prevent 
transparency to data transitions during active enable; a laser- 
trimmed, low-TC, 2.5 V precision bandgap reference; and high 
stability, laser-trimmed, thin-film resistors for both reference input 
and output span and bipolar offset control. 

A reset pin provides for overriding stored data and forcing lout 
to zero. 

@ Direct Data Bus Link with All Popular TTL Level MPU’s 

+1/2 LSB Nonlinearity Over Temperature 

Fast Settling Time: 200 ns Typ | 

Internal 2.5-V Precision Laser-Trimmed Voltage Reference (May 
Also Be Used Externally) 

Minimum Enable Pulse Width: 70 ns 

Fast Enable: 10 ns Maximum Data Hold Time 

Reset Pin to Override Data 

Output Voltage Ranges: +5, +10, +20, or +2.5, +5, +10 Volts 

Low Power: 90 mW Typ 

+5 V and -5 V to -15 V Supplies 


8-BIT 
MPU-BUS-COMPATIBLE 
DAC 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


sil 


L SUFFIX 
CASE 732-03 


OPERATION WITH AN MPU 
PIN CONNECTIONS 


Microprocessor 


Data Bus 
Clock, 


Control, 
and 
Address 
Bus 


Analog Gnd 
116] 20 V Span 


15 | 10 V Span 
Reset 
Circuitry 


Bipolar 
Offset 


Decode REF DO-D7 Digital Gnd 10 
Circuitry OUT 


REFIN MC6890 


ORDERING INFORMATION 


[Device | Temperature Range 
MC6890L O° to+70°C ——s—|: Ceramic DIP 
MC6890AL -~55° to +125°C Ceramic DIP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA LINEAR/INTERFACE DEVICES 


Enable 


6-63 


~- Mcé6890 


MAXIMUM RATINGS 


[Value [Unit 
+7.0 Vdc 
_ -18 
Vin -3.0to+7.0 | Vdc 
0to+7.0 


Applied Output Voltage Veg +2.0 to Vde 


Reference Amplifier Input 


Operating Temperature Range 
MC6890L, 
MC6890AL 


Storage Temperature Range -65 to +150 


Junction Temperature 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = -12 V, Pin 18 loaded only by Pin 19 through 100 0. Reset high, TA =Tlowto 
Thigh!!), unless otherwise noted.) 


Characteristic 


Digital Input Logic Levels 
High Level, Logic 1 
Low Level, Logic O 


Digital Input Current 
Data (Viy = 3.0 V) 
(Vip = 0.4 V) 
Enable (Vjy = 3.0 V) 
(Vip = 0.4 V) 
Reset (Vip = 5.0 V) 
(Vit = 0.4 V) 


Full Scale Output Current — Unipolar 


Unipolar Zero Output — All Bits Off (Ta = 25°C) 
Output Voltage Temperature Coefficient 


Unipolar Zero 
Bipolar Zero 
Full Scale Range 


Output Voltage, Full Scale Range (See Figure 3) (Ta = 25°C) 
(10 V Span) 
(20 V Span) 
(5.0 V Span) 


Output Voltage, Bipolar Zero (MSB on) (See Figure 4) (Ta = 25°C) 
(10 V Span) 
(20 V Span) 
(5.0 V Span) 


DAC Output Resistance — Exclusive of Span Resistors 1.0 
(Ta = 25°C) (See Figure 5) 


Nonlinearity — Relative Accuracy 
(See Terminology) 


Differential Nonlinearity 


Differential Nonlinearity (Ta = 25°C) 
(See Terminology) 


% 


Reference Input Resistor 3800 
Reference Output Voltage (Ta = 25°C} 2.470 


Reference Output Impedance (Ta = 25°C) liggg = 0O-3.0 mA 
Reference Short Circuit Current (Ta = 25°C) 
Reference Output Voltage Temperature Coefficient 


Power Supply Range : 


Power Supply Current — All Bits Low 
(Vcc = 5.0 V) 
(VEE = -5.0 V) 
(VEE =-15 V) 

Power Supply Rejection (Ta = 25°C) 
To Vcc (Vcc = 4.5 to 5.5 V) 
To Veg (Veg = -4.5 V to -16.5 V) 


Power Dissipation — All Bits Low 
For Vcc = 4.5 V, Veg = -4.5 V 
For Vcc = 5.5 V, Veg =-16.5 V 


NOTE 1: Tigw = -55°C for MC6890A, 0° for MC6890 
Thigh = +125°C for MC6890A, +70°C for MC6830 


BSS 
o 
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AC SPECIFICATIONS (Vcc = 5.0 V, Veg = -12 V, Ta = 25°C unless otherwise noted.) 


Characteristic 


Current Settling Time 
(Enable Positive Edge to +1/2 LSB Output) 


Data Setup Time 


Data Hold Time 10 


Pulse Widths 
Enable 
Reset 


Propagation Delays 
Enable, Low to High 
Reset, High to Low 

(lo << 1.0 pA) 


*Not 100% tested , guaranteed by design 


tPLH(E) 
tPHL(R) 


Data 14V 
Enable 
FS PIP Pe ee oe ee oe oy 
lout 50% +1/2 LSB 
0S —— — —— 
—_ Leteaie 
Reset 


19 : Reference 
Source Double Buffered O Enable 


Latches 


O Reset 

18 : 

13 

© Bipolar Offset 


Current Sources, 
Switches 14 


020 O17 O10 
VEE Vcc Analog _ Digital 20 V Span 
Ground Ground 
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TEST FIGURES 


UNIPOLAR CONFIGURATIONS 


FIGURE 3A 


BIPOLAR CONFIGURATIONS 


FIGURE 4A 
R250 


+10 V Configuration 
Latched Input Code: 11111111 


FIGURE 3B 


MC6890 


+5.0 V Configuration 
Latched Input Code: 10000000 


FIGURE 4B 


R250 


+20 V Configuration 
Latched Input Code: 11111111 


FIGURE 3C 


MC6890 


+5.0 V Configuration 
Latched Input Code: 11111111 


+10 V Configuration 
Latched Input Code: 10000000 


FIGURE 4C 


R250 


MC6890 


+2.5 V Configuration 
Latched Input Code: 10000000 


FIGURE 5 — TEST CONFIGURATION FOR DAC OUTPUT IMPEDANCE 


R1 
100 


Latched Input Code: 11111111 


cla 
out ~ Alout 
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TERMINOLOGY 


Nonlinearity (Relative Accuracy) — Maximum output 
deviation from ideal straight line connecting zero and full- 
scale readings, expressed as a fraction of LSB or percent 
of full scale. 


Differential Nonlinearity — Maximum deviation in the 
readings of any two adjacent input bit codes from the ideal 
LSB step, expressed in fractions of LSB or percentage of 
full scale. A differential nonlinearity value greater than 
1 LSB may lead to non-monotonic operation. 


Monotonicity — For every increase in the input digital 
word, the output current either remains the same or 
increases. The MC6890 is guaranteed to be monotonic 
over temperature. 


Settling Time — The elapsed time from the Enable 


positive transition until the output has settled within an 
error band about its final value. 

The worst case switching condition occurs when all bits 
are latched ‘’on,”’ which corresponds to a low-to-high 
transition for all bits. This time is typically 200 ns for the 
current output to settle to within +1/2 LSB for 8 bit 
accuracy. These times apply when the output swing is 
limited to a small (0.5 V) swing and the external output 
capacitance is under 10 pF. 


Gain Error — The difference between the actual full 
scale range and the ideal full scale range. Based ona Oto 


255 _ 
seg * 10 


10 V output configuration, the ideal FSR is 
9.961 V. 


Gain error is laser trimmed to less than +1.0% with R1 = 
100 2 (Figure 3) and can be user trimmed to zero error with 
R1 = 200 2 pot. 


Bipolar Zero — Using the configuration shown.in 
Figure 6 with R1 = 1000, R2=50 0, with the MSB on and 
all other bits off, the output voltage reading compared to 
analog ground is expressed as a percentage of the full- 
scale range. Offset voltage of the output op amp must be 
nulled. Bipolar Zero error is laser trimmed to less than 
0.20% and can be user trimmed to zero with R2= 100 2 pot. 


Temperature Coefficients — (Unipolar zero, Bipolar 
zero, Gain and Reference Output). The maximum deviation 
of the particular parameter over the specified temperature 
range, divided by the temperature range, expressed in 
parts per million of Full Scale Range per degree C. 


Power Supply Rejection — The change in full scale 
current caused by the specified change in VEE or Vcc is 
expressed in LSB’s. 


Reset Function — The MC6890 has a Reset pin (9) that 
will force the DAC’s registers, and therefore the DAC 
output Current, to zero. This input is active low and should 
not occur simultaneously with an active Enable signal 
although no harm would result to the converter. The 
power dissipation increases slightly during Reset low. 
Reset should not be allowed to become more negative 
than ground. 


FIGURE 6 — MC6890 IN TYPICAL BIPOLAR +2.5 V OPERATION 


4.900 kO. 


0-200 1 ¢g 


; MC34001B 


Vo (Volts) 
R2=600 |R2=500 


+ 2.490 
+ 2.470 


+ 0.010 
— 0.010 
~ 2.470 
— 2.490 
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TYPICAL PERFORMANCE CURVES 


FIGURE 7 — REFERENCE VOLTAGE versus 
EXTERNAL LOAD CURRENT* 


Veer, REFERENCE OUTPUT VOLTAGE (V) 


Inge, REFERENCE OUTPUT CURRENT (mA) 


*External load current is in addition to Reference Input 
Current (Pin 18) of D/A converter. 


FIGURE 8 — DIGITAL INPUT CHARACTERISTICS 


DIGITAL INPUT CURRENT (A) 


“~0.2 -0.11 0 1.0 2.0 3.0 4.0 5.0 
DIGITAL INPUT LOGIC LEVELS (VOLTS) 
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FIGURE 9 — TYPICAL APPLICATION OF THE MC6890 IN A MC6800 SERIES MPU SYSTEM 


Analog Power 
Supplies 


Digital 
Power Supply 


Gnd +65.0V Gnd +5.0 V -5Vto-15V 


Optional Vcc Kelvin Connection 
in Absence of +5.0 V Analog Supply 


Digital Kelvin Ground Connection 
System *Note: Bypass 
Ground 


capacitor leads should 
be short 


Digital 
Gnd 
Bipolar 


MC6800 
MC68A00 
MC68BO0 
MC6802 
etc. 


Les | O Vout 


MC34001 +5.0V 


Memory 
b2 


Address Bus 


Data Bus 


MC10315L 


MC10317L (AA) MOTOROLA 


Advance Information 


SEVEN-BIT PARALLEL 
HIGH SPEED A/D CONVERTER 
(WITH OVERRANGE) 


HIGH SPEED 
7-BIT ANALOG-TO-DIGITAL 
FLASH CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC10315L/MC10317L is a 7-bit high speed parallel A/D 
converter which employs ECL processing. The device consists of 128 
parallel latched comparators across a high quality input reference 
network. The 128 comparator outputs are then fed to a 128-to-7 
encoder and latched to the outputs which are ECL compatible. An over- 
range bit is provided to allow overrange sensing, or to facilitate the 
connection of an MC10315L and MC10317L in parallel to produce an 
8-bit A/D converter. The MC10315L and MC10317L are identical 
devices except for the method of overranging used, which simplifies the 
utilization of two 7-bit converters to produce an 8-bit conversion. (See 
ordering information and technical description.) . 

Applications include video display and radar signal processing, high 
speed instrumentation, and TV broadcast video encoding. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623-05 


@ 7-Bit Resolution/8-Bit Accuracy Plus Overrange 
PIN DIAGRAM 
Direct Interconnection for 8-Bit Conversion 


15 MHz Sampling Rate 
Wide Range of Input Voltage: +2.0 Volts Gnd1 
Low Input Capacitance: = 70 pF | 


1.2 Watt Power Dissipation 


DO (LSB) 


D1 
No Sample and Hold Required for Video Bandwidth Signals 


Standard 24-Pin Package a 


D3 
D4 
D5 


MC10315L/MC10317L DEVICE/APPLICATION CONFIGURATION D6 (MSB) 


(11) (9) (10,24) OVR 


OVR 
Gnd2* 


(5) Vat . 
“Vcc, Veg and Gnd2 are each available on two 


pins. Interconnections for the respective 
function are made on chip. To minimize |eR 
drops on chip and in the bonding wires, 
utilization of both pins for each function is 
recommended. 


OVR (14) 


(3) Vptac 
aN OVR (15) 


(6) Vam. D6 (16) 


(8) VRpac ORDERING INFORMATION ** 


Overrange Function 


Analog Input Logic Levels 
Device Condition | OVR Bit | D0-D6 Bits 


MC10315L Overranged High High 
Overranged High Low 


MC10317L 
**For information regarding an evaluation board, contact 
Linear Marketing. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Gnd2 Gnd1 VEE 
(1,13) (23) (2,12) 
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MAXIMUM RATINGS (Ty, = 25°C unless otherwise noted |Note 1]) 


Symbol | Value [Unt] 


Supply Voltage Vcc +7.0 Vde 
Vege - 8.0 Vdc 
Gnd “08, +30 


Clock Input Voltage 


Analog Inputs: 

Ain, VRT. VRB 
Vat — VRBl 
Digital Output Source Current 
(per Output) 


Power Dissipation 


PDimax) w 
Free Air Convection 2.8 
Air Flow = 500 Lfpm 4.0 


Operating Temperature Oto +70 


Storage Temperature Range 


Thermal Resistance Junction to Air 
Free Air Convection 
Air Flow 2 500 Lfpm 


Characteristic ; 


Resolution 0°C <Ta< 70°C 


lcpateseicnsel 
Non-Linearity NL 
fs <15 MHz, Vat-Vrpg=2.0 V 
Differential Non-Linearity DNL 
eeeeremee, Vervae-20v | 


Offset Error 


VatT-VRgp=2.0V_ Top 
Bottom 


s 
i?) 
=a 
—) 
wo 
an 
4\r 
<i|™ 
ols 
(o) 
ob 
° 
w 
oa 
~~ 
rc 


+0.16 


© 
aS 


+0.10 


x 


E 
< 


Maximum Sampling Frequency 0°C< Ta < 70°C MHz 


VRT-VRB =2.0 V, No Missing Codes 


Aperture Delay Time 
Aperture Uncertainty 


| 
Data Valid Delay Time tvd 
OPC < TA < +70°C 
Comparator Track Delay Time ted 
0°C < Ta < + 70°C _ 


Differential Phase 
Differential Gain 
fs = 14.3 MHz Unlocked 
NTSC or PAL Ramp 
Modulated with 40 IRE 
Color Subcarrier 


3 
n 


W _ 
oO oa 


psy 
Ww 


Deg. 


i 


SR 


WwW 
ol 


—_ A> 
oo) 


Ww 
oO 
(jo) 


Maximum Analog Input 
Slew Rate 


Analog !nput Bias Current 
Equivalent Analog Input Resistance Rin 
Vet-VRB=2.0 V, O9C < Ta < + 70°C 
Vin 2VRT 
Reference Ladder Current 
VeatT-VRp=2.0 V 
Reference Ladder Resistance 


V/us 


.~ 
> 


NO 
on 


N 
Ng 
par 
b 
3 

> 


tl 
~ 
r-) 
b 
a 


sa . 


E 
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ELECTRICAL CHARACTERISTICS (Vcc= +5.0 Vdc, Veg= ~ 5.2 Vde, Ta = 25°C unless otherwise noted {Note 1|) continued 


MC10315L/MC10317L 
Characteristic 


Reference Ladder Resistance 
Temperature Coefficient 
oeC< Ta <+70°C 
Clock Input Logic Levels, O°C< Ta < + 70°C 
High Logic State 
Low Logic State Note 2 
Clock Input Current 
High Logic State 
Low Logic State 


| Digital Output Logic Levels 

High Logic State 

Low Logic State 

| 0°C<Ta <+70°C Note 2 

. Power Supply Current, 0°C<Ta <+ 70°C 
4.75 V< Vccs 5.25 V 


-~4.94 V> Veg > - 5.46 V 


Characteristic 


Power Supply Voltages 


Ground 1 


Reference Input Voltage Range 
(VRT VRB) 


1. All voltage levels referenced to Ground 2 (Gnd2) unless otherwise noted. 


2. MECL 10K logic levels are designed to meet the dc specifications after thermal equilibrium has been established with a transverse airflow greater 
than 500 Linear fom and Veg = — 5.2 V+0.010 V. All outputs are specified driving 5092 to -2.0V. 


FIGURE 1 — TIMING DIAGRAM 


Data Latched 
Sample One 
a. 
RY RY 


Data Latched 
Sample Two 


Ot LK) 
OY oY) 


Data Valid Data Valid 
Sample One Sample Two 
*Recommended range of rise (t,) and fall (tg) times are 2.0 to 7.0 ns. 


towH towL *tr *te 
VIH chee 
Convert — 80% 
Clock (CLK) 50% —-—f———+-f, -— ———— Se She oe Se yf — — 4— ome 
= Sample — 20% 
Vi Two 
Sample | 
One ica ! | 
| (see text) 
tad : : | by | 

| | | 
| f | 
| | | | 

Anal 

naiog (Ain) | | : | | 
Input | | ! 

| | l 
I | | . 
| | | 1 | 
| | | | 


| 
| 
| 
| 
| 
| 


Digital DO-D6, 
Outputs \OVR, OVR 
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FIGURE 3 — EQUIVALENT CIRCUIT OF REFERENCE 
RESISTOR LADDER NETWORK 


VRT O 
R/2 
FIGURE 2 — EQUIVALENT Rjpn AND Cin OF Overrange 
THE ANALOG INPUT 
“‘Ideal’’ 
Input Comparators P 
mt 
VRT O 
Ze Dig [| > 
O RT R 
R Vrtac 
Vin Rin 5 R 
Cin 
| 
i © / 
= —_ esa | R R/2 To 127-to-7 
- = - | 3 id Vam Encoder 
VRBO aed ° R/2 
| e 
| 
R 
7 5 
RpRaC 
5. _|VRT-VRB| 
in“ ~400 uA | R 
30pF 
*Cin=—————,_ ([Vin-V +40 pF 
in Ways Via| IVin-VRB! p = 
*Valid for Vat > Vin >VRp R ae REQ ABIDE 
R=0.5Q 
Rin — Effective input resistance representing the 
cumulative bias currents of the 128 input ) R/2 <I Ceq 1.0 pF 
comparators. ai 
VRB Analog 


Cin — Equivalent input capacitance variable as a (Ain) 

function of Vin. R=~0.50 
Ceq -- The lumped equivalent value of capacitance 
representing the distributed capacitance for each 


resistor (R) and the input capacitance for each 


Input — 


comparator. 
FIGURE 4 — CLOCK INPUT IS STANDARD MECL FIGURE 5 — DIGITAL OUTPUTS ARE STANDARD 
INPUT WITH EMITTER FOLLOWER MECL 10K WITH EMITTER FOLLOWERS CAPABLE OF 


SOURCING 25 mA. EXTERNAL PULL-DOWN RESISTORS 
ARE REQUIRED ON ALL OUTPUTS. 
= Gnd2 
150 VBias 


Bie Gnd2 = —= Gnd 


Gnd? is equivalent to 
MECL 10K Vcc 


Gnd2 is equivalent to 
MECL 10K Vcc2 


VBB-VBE 
50 k 


To Logic 


510 92* 


VEE 


*Recommended value of external! pull-down resistors 
for all outputs. 
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FIGURE 6 — OUTPUT CODING FOR THE MC10315L/MC10317L DEVICES* 


Analog Input Range 


Comparator 
Step 


- 2.0000 V 
~— 1.9922 V 


+ 0.0000 V 
+ 0.0078 V 


- 1.0234 V 
- 1.0078 V 
- 0.9922 V 


+ 0.9766 V 
+ 0.9922 V 
+ 1.0078 V 


- 0.0391 V 
- 0.0234 V 
- 0.0078 V 


+ 1.9609 V 
+ 1.9766 V 
4+ 1.9922 V 


MC10315L_| MC10317L 
(15.6 mV per LSB) Data Bits | Data Bits 
-20Vto0V/0Vto20V (DO-D6) | (DO-D6) 
- 1.0000 V 
- 0.9922 V 


0.0234 V 
0.0078 V 
+ 0.0078 V 


+ 0.9609 V 
+ 0.9766 V 
+ 0.9922 V 


Overrange 
Bit 
(OVR) 


Overrange 
Bit 
(OVR) 


0000000 
0000001 


0000000 
0000001 


0111711 
1000000 
1000001 


0111111 
1000000 
1000001 


1111110 
1111111 
14111711 


1111110 
1111114 
0000000 


*The MC10315L and MC10317L differ only in output coding at comparator step 128 where the device is overranged. 


CIRCUIT DESCRIPTION 


Conversion Timing 
The MC10315L/MC10317L performs a conversion and 
outputs data within a single clock cycle. Referring to Figure 1 
will indicate that the clock input is sensitive to the rising and 
falling clock edges. All significant operations are referenced 
to the edges. A rising clock edge holds the analog input by 
latching the (128) input comparators. The output latches are 
also released to toggle and update to the new digital value. 
The falling edge of the clock will latch the data outputs. 
Clock timing must be considered to ensure a valid conver- 
sion. With the rising edge of the clock, there will be an 
aperture delay (tgq) which is the time from the threshold of 
the (50%) edge to the actual time the input comparators 
latch in the analog value of Ajn. The data valid delay time 
(tyq) is the time interval for valid data to appear at the 
outputs. tyg is 43 ns from the rising clock edge. After this 
time, the clock can go low to latch the valid data at the 
outputs. The clock must remain low a minimum time 
before another rising edge in order for the input compara- 
tors to unlatch and begin to track. This comparator tracking 
delay time (teg) is 25 ns. After this minimum time, the 
conversion clock cycle is repeated, latching in a new ana- 
log input value. 
The minimum recommended clock pulse width high 
time (tpwH) is 44 ns and pulse width low time (towL) is 
25 ns for maximum recommended sample frequency (fs). 


Rise (t,) and fall (tg) time of the clock edges should be in the 
range from 2.0 to 7.0 ns to minimize the chance of clocking 
errors or uncertainty. 


Analog Input (Ajn) 

The dc current drive required by the analog input (Ajn) is 
a function of the input voltage (Vjn) and is directly 
attributable to the accumulation of input bias currents for 
each of the 128 comparators. When Vin < Vrp, the dc 
current is zero and when Vin 2 Vprt the current is a 
maximum of 400 A. Looking at this current as a function of 
Vin on a large signal basis, it will appear as a straight line 
approximation. 

This input current loading on a driving source impedance 
can produce a dc gain error. Cancellation of this error is 
accomplished by utilizing an adjustable voltage reference at 
VRT. If VRT is tied to a fixed reference or grounded, the 
driving amplifiers offset can be adjusted. However, a zero 
error will now occur which can be cancelled by adjusting 
VRB. Another method of reducing dc gain error due to 
analog input current is to use a driving amplifier with 
sufficiently low output impedance (Zs). This can be 


determined by: _ Maximum gain error (V) 


a 400 pA 
i.e.,with a 1.0 volt analog input range (Vp_T-VRpg= 
1.0 V), a 1/2 LSB of gain error=3.9 mV 
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Analog Input (Ajn) (Continued) 


The input capacitance (Cjn) is also a function of input 
voltage (Vin). For Vin <VRB, Cin = 40 pF; Vin 2 VRT, Cin 
=70 pF. The input capacitance on a large signal basis over 
the analog input range is a linear function. Cjn can limit the 
analog input bandwidth if the driving source impedance is 
too great. This can introduce an ac gain error if the corner 
frequency fe is not sufficiently extended from maximum 
input frequency (fjn). 

For example, to keep the ac gain error to within 1/2 LSB 
of 7-bits, the corner frequency (f<) of the effective single 
pole, low-pass filter created by the driving source impe- 
dance (Zs) and the input capacitance (Cjpn) should be: fe > 
11.3 fin 


Cjn - analog input capacitance. 


fin - maximum input frequency of Ain 

fe - corner frequency determined by Cjn and Zg 
n  - number of bits 

Zs - driving source impedance of the analog input 


fc 
For single Pole Filter: fa = 
in 


If measures have already been taken to keep dc gain error to 
within 3.9 mV (1/2 LSB for 1.0 V full scale) by providing a 
low Zg, as described earlier, the calculated Zs < 9.76 2 will 
sufficiently extend the corner frequency of the input pole to 
=~ 233 MHz. . 

Figure 2 illustrates the equivalent analog inputin terms 
of an effective variable Cjn and Rin. 


Reference Inputs 


As shown in Figure 3, a resistive (divider) ladder com- 
prised of 128 matched resistors with a nominal value of 
0.5 0 each, provides a reference voltage to each of the 128 
comparator inputs. Recommended range of reference 
voltage applied across the resistive ladder (VRT to VRB) is 
1.0 volt to 2.0 volts. VRT must be kept more positive than 
Vrp-. VRT must not exceed +2.5 volts above Gnd2 and 
VRB must not become more negative than — 2.5 volts below 
Gnd2. With 2.0 volts across the reference ladder 
(Vat-VRp=2.0 V), the ladder network has a common- 
mode range capability about Gnd2, permitting analog 
input (Ajn) ranging options such as + 1.0 volt, O to —- 2.0 
volts and O to 2.0 volts. A minimum of 1.0 volt should be 
maintained across the ladder network to ensure linearity 
to 7-bits. Less than 1.0 volt will degrade linearity due to 
comparator offsets becoming a significant factor. 

Additional taps on the reference ladder are pinned out, 
providing access to the middle (VR), 1/4 (VRpac) and 3/4 


(Vpatac) scale points. VRyy can be left open, but if ladder 
linearity adjustment is required, an appropriate reference 
voltage can be applied. The Vrapac and Vprtac pins are 
intended for ac bypassing if ladder noise presents a problem. 
Reference voltages can be applied to these pins if tighter 
ladder linearity is desired. If the reference ladder voltage is to 
be varied dynamically such as in an AGC application, ac 
bypassing of any of the reference taps would likely yield 
undesirable results. 

Calibration is accomplished by adjusting Vag and V_q to 
set the first and 127th comparator thresholds to the desired 
voltages. If a 0 to —1.0 V input (Ajn) range is desired, 
continuously strobe the convertor with — 0.9961 V on the 
analog input, adjust VRp for output toggling between codes 
0000000 and 0000001. Then apply Ajn= —0.0117 V and 
adjust VpaT for toggling between 1111110 and 1111111 
(thresholds 126th and 127th). Rather than adjusting VRrT, it 
may be more convenient to connect Vp_T to Gnd2 and adjust 
the driving amplifier offset control. Vag can again be used 
as a gain adjust point to cancel the effects of using the offset 
control technique. 


Application Information 

8-bits of resolution and accuracy can be obtained by 
stacking two 7-bit converters and wire ORing the data 
outputs. Shown in Figure 7 is an MC10315L and MC10317L 
in an 8-bit A/D configuration. The circuit is quite straight- 
forward with the analog input (Ajn) for each converter tied 
together, forming a common input. The analog input range 
is negative unipolar with Vat of the MC10315L grounded 
(Gnd2) or referenced very near ground. Vrp of the 
MC10315L is connected to VRT of the MC10317L and 
referenced to VRfFFr/2 to ensure this node is midscale. 
Unit to unit variations in Reference Ladder Resistance of 
each device can shift this point if a reference is not used, 
causing linearity errors. Care should be taken when 
interconnecting Vag and Vp_t of the MC10315L and 
MC10317L respectively. Reference ladder current flow- 
ing through resistance of printed circuit board runs, sock- 
ets and even device pins and bonding wires can establish 
significant IR drops of several millivolts causing differen- 
tial non-linearity errors at midscale. A negative reference 
of -2.000 V is applied to Vag of the MC10317L. The 
remaining pins Vptac, Vagac and Vp_yy for both devices 
can be left open or be connected to additional external 
references if linearity improvements are required. VaTac 
and Vppgac can also be used as ac decoupling points for 
the resistor ladders to reduce any transients which may 
exist due to current noise. 

The clock (CLK) inputs are driven by a common clock. 
Depending on the input frequency to be encoded, it may be 
necessary to skew the rising clock edges to one of the 
devices to compensate for a slight difference in aperture 
delay time (tag) which may occur between the two devices.» 
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Application Information (Continued) 

The digital outputs, DO through D6 are wire ORed. The 
overrange (OVR) bit of the MC10317L becomes the MSB for 
the 8-bit word in Binary coding. 

The MC10315L and MC10317L differ only in the method 
of overranging (see Figure 6, output coding truth table). 
When the MC10317L input (Ajn) is overranged, the 
overrange (OVR) bit goes high, all other bits (DO-D6) go low. 
This enables direct wire ORing of additional A/D outputs to 
expand to 28-bits. When the MC10315L is overranged, OVR 
goes high and the data bits (DO-D6) remain high. This device 
provides a true termination of a digital word when the 
system becomes overranged. Generally the MC10315L will 
be used in a 7-bit, stand-alone converter scheme, or as the 
upper scale A/D when stacking two or more devices to 
expand to >7-bits. 

Pull-down resistors are required at the digital outputs. A 
recommended value of 510 2 will provide proper output 
fall times in most applications and also hold down device 


power dissipation. The outputs are capable of sustaining 
MECL levels when terminated with a 50 20 (to -2.0 V) char- 
acteristic load impedance to minimize reflections. Design 
rules for MECL 10K should be followed when using these 
devices. 

Care must be taken in PC board ground layout to prevent 
digital ground currents from flowing through the analog 
ground. Separate grounds are provided on the MC10315L/ 
MC10317L to help isolate the digital noise from the analog 
section of a system. Gnd1 is internally connected to only the 
collectors of the output emitter followers as shown in Figure 
5. This provides a separate path for current transients of the 
switched output loads. All other internal circuitry is 
referenced to Gnd2. 

Low and high frequency power supply bypassing should 
be provided physically close to the device, with Vcc and 
VEE bypassed to Gnd2. 


FIGURE 7 — CIRCUIT CONFIGURATION UTILIZING A MC10315L AND MC10317L A/D 
TO PERFORM A HIGH SPEED, 8-BIT CONVERSION 
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Required pull-down resistors at the digital outputs are not shown. All digital outputs should be 


treated according to MECL 10K design rules. 
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(AA) MOTOROLA 


Specifications and Applications 
Information 


HIGH SPEED 
8-BIT DIGITAL-TO-ANALOG CONVERTER 


The MC10318 (Series) is a high-speed D/A converter capable of 
data conversion rates in excess of 25 MHz. The digital inputs are 
compatible with MECL 10,000 Series Logic. Complementary cur- 
rent outputs provide up to 56 mA full scale capability. The 
MC10318 Series is available in 4 accuracy grades (over temper- 
ature) to meet the requirements of many applications, including: 
high-speed instrumentation and test equipment, storage oscilli- 
scopes, disclay processing, radar systems, and digital video sys- 
tems (broadcast and receiver applications). 


@ FAST Settling Time — 10 ns (Typ to +0.19%) 


- @ Four Accuracy Grades 

— 9-Bit Linearity (+0.10%) — MC10318L9 
— 8-Bit Linearity (+0.19%) — MC10318L 
— 7-Bit Linearity (+0.39%) — MC10318CL7 
— 6-Bit Linearity (+0.78%) — MC10318CL6 


@ Inputs MECL 10,000 Compatible 

@e Complementary Current Outputs 

@ Output Compliance: —1.3 V to +2.5 V 
@ Single MECL Supply: —5.2 V 

e@ Standard 16-Pin Dual-In-Line Package 


BLOCK DIAGRAM 
Digital Inputs 


[ae ee ee oN 
(MSB) D7 D6 D5 D4 D3 D2 D1 DO (LSB) 
) O e@ 


| 1 
Current 


Switches 
i] 1 


MC10318L9 
MC10318L 
MC10318CL7 
MC10318CL6 


HIGH SPEED 
8-BIT DIGITAL-TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


CL SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


L SUFFIX 
CERAMIC PACKAGE 
CASE 690-13 


PIN CONNECTIONS 
(TOP VIEW) 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


Digital Input Voltage 


Applied Output Voltage 


Junction Temperature 


Thermal Resistance, Still Air 
Junction to Ambient With 500 LFPM 


DC CHARACTERISTICS (Veg = -—5.2 V, +5% Ta = 0°C to +70°C after thermal equilibrium is reached.) 


Nonlinearity (Integral) MC10318L9 +0.10 % FS 
(Pin 14 or 15) MC10318L po — +0.19 
(@ lpg = 51 mA, 25.5 mA) MC10318CL7 — +0.39 
MC10318CL6 +0.78 


Zero Scale Output Current Temperature Drift IZS/AT nA°C 
(Pin 14 or 15) 0< Tap < 25°C 
25°C < Ta < 70°C 
Full Scale Output Current (Pin 14 or 15) 10 IES — 46.00 — 51.00 mA 
(ref = 3.2 mA, DO-D7 = 1) 
Full Scale Output Current Temperature Drift | AlFs°c ppm/°C 
+50 
+10 


(Pin 14 or 15) 0 < Ta < 25°C 
lIFSPSS %l%o 


25°C < Ta < 70°C 


Full Scale Output Sensitivity to Power MC10318L,9 
. Supply Variations (Pin 14 or 15) MC10318CL6,7 
(—4.94 V < Veg < —5.46 V) 


Full Scale Symmetry (Ips — Is) 


“ nh 


es a 
(saa [ov 


pvc 


Output Voltage Compliance (Pin 14 or 15) 
Full Scale Current Change < 2 LSB (Specified 
Nonlinearity) (Ta = 25°C) 


Output Resistance (Pin 14 or 15) (Ta = 25°C) }12] Ro | 
Reference Amplifier Offset Voltage (Ta = 25°C) | | Mio | 


Reference Amplifier Offset Voltage Temperature Drift 
0< Ta < 25°C 
25°C < Ta < 70°C 


Reference Amplifier Bias Current (Pin 10) 
(ref = 3.2 mA) 


Reference Amplifier Bias Current Temperature Drift 


+4.0 
ahs ea eee 
nA/°C 
(lref = 3.2 mA) 0< Ta, < 25°C — 40 . 
25°C < Tp < 70°C ~10 
Reference Amplifier Common Mode Range VICR +1.15 V 
(Veg = —5.2 V) (Ta = 25°C) 
Reference Amplifier Common Mode Rejection VICMRR 58 
Ratio (Ta = 25°C) (lref = 3.2 mA, VicrR = Oto —2.0V, 
Pins 1-8 = Logic 1) 
Reference Amplifier Input Impedance RIN MQ 
(Pin 10) (Ta = 25°C) 
Power Supply Current _ 130 mA 
(Pins 1 thru 8 Open, lref = 3.2 mA, Includes Ig + Ig) 
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AC CHARACTERISTICS (Ta = 25°C, Veg = —5.2 V, +5%) 


Characteristics 
Feedthrough Current — All Bits Off 


f=10 kHz 
f= 100 kHz 


Distortion — (@ Io) 
(Sinewave applied to reference amplifier Input, 
DO-D7 = Logic 1) 


C= 0.01 pF, f= 20 kHz 
C= 0.01 pF, f = 65kHz 
C = 0.001 pF, f = 340 kHz 
C = 0.001 pF, f=6 
c f=6 


Reference Amplifier Slew Rate 
(Step change at Pin 10, all bits on) 


Settling Time (to + 0.19% of Full Scale) 
1 LSB Change 
All Bits Switched 


Output Glitch Energy (with De-Skewing Capacitors) 
(Input Change: 01111111 <— 10000000) 


Glitch Duration 


- DIGITAL INPUT VOLTAGE LEVELS 
Volts (See Note) 
Vinamin | Vitamax 
— 1.868 


; - 1.850 
— 1.830 
FUNCTIONAL PIN DESCRIPTION 


DO0-D7 (Pins 1-8) The eight ECL digital inputs compatible with 


50 
ae ee 
Veg (Pin 9) The power supply pin. Veg is nominal ~5.2 V, 


+5%. : 


Gnd (Pin 16) The ground pin. This line should be as noise-free 
as possible in order to obtain a noise-free output. 


NOTE: Veg = ~5.2 V, +5% Inputs are MECL 10,000 compatible within 
the temperature and power supply ranges listed. See MECL System 
Design Handbook for further details. See Fig. 19 in this data sheet. 


FIGURE 1 — SETTLING TIME 


MECL 10,000 series devices. Logic “0” is nominally —1.8 V, DO-D7 -0.9V 
and Logic “1” is nominally —0.9 V. Inputs -1.8V 
Vref. (Pin 10) The high impendance input of the reference 0 mA 


amplifier. This input is normally grounded, but may be used 
for ac applications involving modulation, digitally controlled 


| 
gain, etc. Normal operating range is from ground to Veg +2.9 - _ 4 1 LSB 
V (nominally — 2.3 V). -—51 mA ay fe 
xpande 
Vref. (Pin 12) The noninverting input of the reference ampli- asa 
fier. The inverted output of the reference amplifier is internally , a 
fed back to this input, thus causing it to track Pin 10. A nominal FIGURE 2 — PROPAGATION DELAY 


3.2 mA is to be supplied to this pin from an external (stable 
and noise free) voltage source and current setting resistor. 


Comp. (Pin 11) A nominal 0.01 uF capacitor is connected to DO-D7 -0.9V 
this pin and to ground to stabilize the reference amplifier. Inputs - 1.8V 
Lower values of capacitor may be used if a good PC board 0 mA 
layout is used, where frequencies higher than 10 kHz are ap- 
plied to the reference amplifier. 


Io, lo (Pins 14,15) The complementary current outputs. Current 
flow is into the DAC and varies linearily with lef and the digital 
input code. lout increases as the digital input increases. Output 
compliance range is —1.3 V to +2.5 V. 


cn mtn A tc CE TE SS 
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REFERENCE AMPLIFIER RESPONSE 


_Inverting Input (V;e¢_) Noninverting Input (Vref .,) 
Test Circuit of Fig. 14 Test Circuit of Fig. 11 


FIGURE 3 — FREQUENCY RESPONSE FIGURE 6 — FREQUENCY RESPONSE 
| jo 4 S —10 
! wz ~ 4.0 . : — 20 
cs) » K\NGain St | Baie A} 
z —6. — 30 Ww 
a = , | ce 
2 ~ 10 Natt ~50 ra 
booth 85 ; 
a Soa NX au ae Z 
C = 0.01 pF Pe - 
Bg coor] TELE XS K8 
219 =m 
ee ee i eh Shi | 
1K 10K 20K 100 K 1K 10K 100 K 
f, FREQUENCY (Hz! f, FREQUENCY (Hz) 
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TEST CIRCUITS 


FIGURE 9 — FEEDTHROUGH MEASUREMENT FIGURE 10 — ZERO/FULL SCALE CURRENT 


0 for Zero Scale Io 


Logic “0” 
1 for Full Scale Ig 


Signal Generator Conditions: 0 to — 1 V p-p Sinewave 


FIGURE 11 — GAIN/PHASE MEASUREMENT FIGURE 12 — OUTPUT RESISTANCE 


+10.56V /DO-——-—-— 
@) O Or 


Signal Generator Conditions: Oto - 2 V p-p Sinewave 


Reference dB Level: See Text a See Figures 6-8 


FIGURE 13 — REFERENCE AMPLIFIER SLEW RATE FIGURE 14 — GAIN/PHASE MEASUREMENT 


Output lo Vout 
: : 5 
Vite . 
12 ie ee MC 10318 : 
a ma: 
3.3k Vref. 15 
Comp VeEEI Gnd 200 20 | 


O11 O39 O16 


Cc 


— -5.2VO — —_—_ = 


fe] 


Signa! Generator Conditions: 0 to —-2 V p-p Sinewave 


Signal Generator Conditions: 0 to —2 V p-p Square Wave, 1 kHz 


Reference dB Level: See Text... See Figures 3-5 
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OPERATIONAL INFORMATION 


Typical DAC Operation 

The MC10318 is designed to be operated with an lef 
(Pin 12) of 3.2 mA, resulting in a full scale output current 
(Ig) of 51 MA when:D0 through D7 are-at a Logical 1” 
(—0.9 V). The transfer equation for I, is therefore: 


256 
(“A” is the binary value of the digital input). 


Typically Vref. (Pin 10) is connected to Ground, and 
lref is supplied to Vre¢, (Pin 12) by means of an external 
supply V; (see Figure 15). A resistor inserted between 
Pin 10 and Ground will minimize temperature drift, and 
should have a value equivalent to that connected to Pin 
12. Any noise or ripple present on the reference current 
will be present on the output current, and the stability 
of the reference directly affects the output current’s sta- 
bility. The ground connection for V;e¢_ should be cho- 
sen with care so as not to pick up noise (digital or 
otherwise). 

The complementary outputs (Ig and is) are high 
impedance current sources having a compliance range 
of 3.8 V(—1.3 to +2.5 V). Ig increases with increasing 
digital input, while lg decreases. Their sum is a constant 
equal to 15.94 x lIre¢. Neither output can be left open 
— an unused output must be connected to ground or 
a load resistor. Typically both outputs should be loaded 
similarly for best speed and accuracy performance. A 
compensation capacitor must be connected between 
Pin 11 and Ground to stabilize the amplifier. A 0.01 uF 
ceramic is satisfactory for most applications, and should 
be located physically close to the device. The ground 
side of the capacitor should be noise-free. When op- 
erated as above, the output(s) will be controlled by the 
digital inputs, and the MC10318 can be used for various 
functions such as waveform generation, process con- 
trol, ADC conversion, and others. 


FIGURE 15 — TYPICAL OPERATION 


Digital Signal “A” (ECL Level) 


Common Mode Range — AC Operation 
The reference amplifier inputs (Pins 10 and 12) may 
be used to contro! the output current in conjunction 


with the digital inputs for applications such as digitally 
controlled gain of an ac signal, digitally controlled am- 
plitude modulation, and others. Either the positive or 
negative input of the reference amplifier may be used, 
depending on the application. There are, however, dif- 
ferences in the manner in which an ac signal is to be 
applied. 

1) When applying a signal to the V-e¢_ (Pin 10) input 
(See Figure 16), the signal must be kept within the range 
of Oto — 2.3 V. The input has a high impedance (typically 
1 Megohm). The Vre¢, pin (Pin 12) will track this signal, 
causing Iref to vary, in turn causing lg and Ig to vary. 
The ac component of Ig (and Io) will be in phase with 
the applied signal. The ac gain of the circuit shown is: 


A Vin 16 x Rr 


Applying the above to the test circuit of Figure 14 
yields a gain of 0.0966, which is the 0 dB reference level 
for the curves of Figures 3-5. 


FIGURE 16 — AC OPERATION, NONINVERTING 


Digital Input ‘A’ 


ac Signal 
(0 ~ Vin Bot ches 


If the peak values of the applied ac signal cannot be 
kept within the above mentioned voltage range, an al- 
ternate circuit is shown in Figure 17. 


FIGURE 17 — AC OPERATION, NONINVERTING (ALTERNATE) 


Digital Input “A” 


VEE] Gnd 
O09 O16, 


Comp 
O11 


ac Signal (p-p = 2 V) 
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The compensation capacitor (Pin 11) of Figures 16 
and 17 is to be nominally 0.01 uF for best overall sta- 
bility. If frequencies higher than 10 kHz are to be applied 
to the reference input, a smaller value capacitor will be 
necessary as indicated by Figures 3-5. However, greater 
care will be necessary in the breadboarding and PC 
layout to prevent instabilities caused by unintended 
feedback paths. . 

2) When applying a signa! to the Vref, (Pin 12) input 
(see Figure 18), the effect is a direct modulation of the 
reference current supplied by Vref. Pin 12 is a virtual 
ground, and therefore the current lef is equal to: 


lref = Vref 4 ui 
Rref Rij 
lg and Ig will vary with the reference current, but the 
ac component will be 180° out of phase with the applied 
signal. The ac gain of the circuit shown is: 
AVout . ~AXRL 
A Vj 16 x R; 


Applying the above to the test circuit of Figure 11 
yields a gain of —0.3188, which is the 0 dB reference 
level for the curves of Figures 6-8. 

The reference current lref must always flow into Pin 
12, requiring that the values of Vref, Rref, Rj, and Vj be 
chosen so as to guarantee this. 


FIGURE 18 — AC OPERATION, INVERTING 


SO a a a a a eer 1 


Digital Input “A” 


The compensation capacitor (Pin 11) of Figure 18 is 
to be nominally 0.01 «F for best overall stability. If fre- 
quencies higher than 4 kHz are to be applied, a smaller 
value capacitor will be necessary as indicated by Figures 
6-8. However, greater care will be necessary in the 
breadboarding and PC layout to prevent instabilities 
caused by unintended feedback paths. . 


DIGITAL INTERFACE 


The digital inputs (Pins 1-8) are compatible with 
-MECL 10,000 series devices over the temperature and 
Veg range listed on page 3. Standard MECL 10,000 de- 


MC10318L9, MC10318L, MC10318CL7, MC10318CL6 


sign guidelines apply, and should be implemented. 
Maximum speed response requires careful PC board 
layout and choice of components. See Motorola’s MECL 
System Design Handbook for a complete explanation 
of specifications and characteristics. Figure 19 shows 
a typical ECL interconnection with recommended values 
for optimum speed performance. Other values of Ry 
and Vyj may be used, but at a slight increase in overall 
propagation delay. Unused inputs should not be left 
open, but should be connected to a Logic 0 (~ 1.8 V), 
or a Logic 1 (—0.9 V). Resistors Rt should be connected 
at the receiving end of the interconnection, i.e. physi- 
cally located adjacent to the MC10318 inputs, for best 
speed performance. 


FIGURE 19 — STANDARD MECL INTERFACE 


Device 


Interfacing a TTL system to the MC10318 is easily 
accomplished by the use of two MC10124 devices (Fig- 
ure 20). 


FIGURE 20 — TTL INTERFACE 


| | MSB 


MC10124 | 1 
15 a 
Tae ae : 

2 r {tf | mc10318 }49 Pret ef 
=p i 
mc10124 H15 4 BE t+ | 


OUTPUT CHARACTERISTICS 


The MC10318 DAC has been designed specifically for 
high-speed operation by incorporating ECL structured 
inputs, bit switching circuits which are small in size and 


Rret = 
12 elo 


TTL Digital Input 


80 vee | 
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simple in operation, and high-current complementary . 


outputs (which permits current steering rather than on- 
off switching). In this manner, very short propagation 
delays and settling times are possible. 


Output Glitch 

All DAC’s will produce a glitch at the output when 
various bits are switched in opposite directions, due to 
differences in transition times of the switching transis- 
tors. During the switching period, typically the output 
current will momentarily seek a value other than the 
desired final value, and then return to and settle at the 
final value. This glitch can be several LSBs in magni- 
tude, but of a very short duration (5-6 ns). In some 
instances, the output current may overshoot, and then 
undershoot before reaching the final value, resulting in 
a ‘glitch doublet.” 

The glitch is most apparent when switching the higher 
order bits, and in the case of the MC10318, the maxi- 
mum glitch generally occurs when switching bit D5 and 
the lower 5 bits (typically 85 LSB-ns). Switching bit D6 
and the lower 6 bits produces a similar but slightly re- 
duced glitch. Switching bit D7 and the seven lower bits 
(major carry transition) results in a glitch of typically 50 
LSB-ns, with an amplitude of 17 LSBs. Switching of 
lower order bits while maintaining the higher ones con- 
stant produces glitches typically of less than 1 LSB in 
magnitude, and less than 10 ns in duration, and are 
generally not considered to be of significance. 

Glitches can be removed from the output by filtering, 
or by using a sample-and-hold circuit on the output, or 
by using de-skewing capacitors on the higher order bits. 
See Fig. 31. 

Output glitch is generally specified in terms of glitch 
energy, which is the area under the curve of the wave- 
form. Most glitches appear as a triangle, and so the area 
is simply Y2 x t x Al, where t is the duration of the 
glitch, and Al is the amplitude normalized in terms of 
LSBs. In the case of a glitch doublet, having both pos- 
itive and negative amplitude, the areas are summed 
algebraically. It is possible, therefore to have a glitch 
with zero energy, although having amplitudes of several 
LSB’s. 

In applications where the output glitch is of concern, 
steps can be taken to minimize its magnitude. The two 
main factors to consider are: 1) That the 8 bits of data 
reach the MC10318 simultaneously; and 2) that the PC 
board layout prevent noise from reaching the MC10318. 

It is obvious that if the updated 8 bits are not received 
by the DAC simultaneously, even an ideal DAC will not 
produce an ideal waveform. Where simultaneous trans- 
mission by the sending device(s) cannot be guaranteed 
(such as two cascaded counters), latches should be used 
ahead of the MC10318. The latches should then be 
clocked after their inputs have settled. Suggested latches 
are the MC10133/MC10153/MC10168 at the ECL level, 
and the SN74LS273 at the TTL level. 


FIGURE 21 — PRECISION HIGH-SPEED MEASUREMENTS 


NOTE: Use Buffer 


or FET probe be- 
tween MSB and 
Scope Trigger 


Nonlinearity 

Integral nonlinearity has been specified, rather than 
differential nonlinearity, as this is a better indicator of 
the maximum error to be expected. Integral nonlinearity 
is measured by comparing the actual output (at each 
digital value) with the expected ideal value. The ex- 
pected values lie along a straight line between zero and 
the full scale output current. The MC10318 series will 
not differ from the ideal value by more than the spec- 
ified nonlinearity. | 


PC Board Layout 

A proper PC board layout is very important in order 
to obtain the full benefits of the MC10318’s high-speed 
characteristics. Each of the current paths (lo, Io, IEE, lref, 
etc.) must be carefully considered to avoid interference, 
and isolation from other circuits on the board (partic- 
ularly digital) is essential. By-passing of all supplies is, 
of course, necessary, and in some cases, by-passing to 
VEE may be more beneficial than by-passing to Ground. 
Sockets should be avoided as the extra pin-to-pin ca- 
pacitance can slow down the ECL edges and/or the out- 
put settling time. PC board layout should include the 
following guidelines: 


1) A dedicated ground track from the power supply 
~ to Pin 16 (Gnd); 

A single dedicated ground track from the power 
supply to the two load resistors associated with 
lo and Ig — this results in a constant de current 
in this track; 

A separate ground for the circuitry associated 
with Vref., Vref_, and Comp (Pins 10-12). Any 
noise on this ground will feed through the ref- 
erence amplifier and show up on the output; 
The compensation capacitor must be physically 
adjacent to Pin 11; 

Bypass Veg (Pin 9) with a 0.1 wF to the ground 
line feeding the load resistors; . 

Provide proper terminations at the inputs — the 
suggested values for Ry and V77 will provide best 
speed response; 
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7) Bypass V77 to Veg and to Ground with 0.1 pF 
capacitors; 

8) If the power supplies are not on the same PC 
board with the MC10318, bypass Veg and VTT to 
Ground with (minimum) 10 wF and 0.1 wF where 
the supply voltages enter the PC board; 

9) Use of a ground plane is mandatory in all high 
speed applications; 

10) Keep all TTL circuitry tracks separate from the 
MC10318 by means of ground tracks and/or 
ground planes. 


Many of the above points have to do with isolating 
the device from all other circuitry, since most applica- 
tions involve using the MC10318 (which is 50% analog) 
in a (noisy) digital circuit. If the output voltage swing 


is typically 1 volt, then 1 LSB is approximately 4 mV. 
Since TTL circuitry can easily generate 50 mV noise on 
the ground line, the need for isolation is apparent. 


The above points are not the only ones to be consid- 
ered by the designer, as each application will have its 
own individual additional requirements. 


Propagation Delay 

The propagation delay is measured from the 50% 
point of the input transition to the 50% point of the 
output transition. Since the typical propagation delay 
is on the order of 5 ns, see Figure 21 and the information 
in Settling Time if this parameter is to be measured. 
Switching 1 LSB or all of the bits simultaneously pro- 
duces no significant difference in propagation delay. 


FIGURE 22 — SETTLING TIME MEASUREMENT 
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NOTES: 
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2) Adjust V;e¢ for full scale output at Va = — 1.3000 V. 
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all digital and analog supplies, grounds, signal lines, 
etc. 
= 2 ns. 7) Heavily bypass all supplies at each device, and ref- 


erence (—) inputs to the comparators. 


3) Adjust R1 for — 1.3075 V at input of lower comparator. 8) Comparators are high-speed devices, such as 


4) Adjust R2 for — 1.2925 V at input of upper comparator. 


AM687ADL. 


5) R1, R2 are 20 turn trimpots. 9) Account for comparator offset when setting refer- 


6) Keep all wiring as short, tidy as possible — isolate 
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Settling Time 

The settling time is defined as the time from the 50% 
point of the input transition to the point at which the 
output enters into and stays within + LSB (the error 
band) of the final value. Minimum settling time occurs 
when the output enters the error band at the maximum 
slew rate, and then settles out within the band. In ac- 
tuality, however, the output’s slew rate will lessen prior 
to entering the error band, and then may exit and enter 
the band once or twice as it settles to its final value. The 
settling time is determined by the last time the output 
enters the error band. See Figure 1. 


When testing for settling time, the measurement tech- 
nique used will have an effect on the result. Simply 
connecting scope probes to an input and output is gen- 
erally not satisfactory due to the capacitive loading (typ- 
ically 10-20 pF) of the probes. The rise (fall) time of an 
ECL input can be significantly increased by such a 
probe, with the result that the inputs of the MC10318 
may be skewed from each other, which, in turn, affects 
the output. However, probes with low input capaci- 
tance, on the order of 2 pF or less (such as FET probes), 
can be used with very little degradation of the wave- 
forms. The overall propagation delay of the probe (from 
tip to scope input) must be taken into account, as this 
can be on the order of 10 ns. 


When attempting to view the output on a scope, sev- 
eral factors need to be considered. If the output swing 
is a full scale transition (e.g., 1.0 V), 1 LSB is 3.9 mV. 
The scope’s amplifier must then be set at a sensitive 
range (5 mV/cm or 10 mV/cm), with the result that the 
scope’s amplifier will be saturated when the MC10318’s 
output is at the initial value. When the device inputs are 
switched, the output approaches the final value, but the 
scope’s amplifier will require some time to come out 
of saturation, and then mav overshoot, causing a false 
indication. In order to overcome this problem, the 
MC10318 was tested for settling time by connecting the 
output to a dual high-speed comparator configured as 
a window detector. The window is 1 LSB wide, centered 
about the final value. The outputs of the comparators 
are then monitored on a scope, as they indicate when 
the MC10318 output is settled within the error band. 
Propagation delays of the comparators, scope probes, 
and cable lengths are taken into account. See Figure 22. 
This method of monitoring the DAC’s output, although 
indirect, does not cause changes to the output wave- 
form because of probe loading, characteristics of the 
scope, or noise which the probe (and cable) may pick 
up. 


APPLICATIONS 


Voltage Output 

There are two methods of converting the current out- 
put of the MC10318 to voltage outputs, depending on 
the voltage swing desired. For a limited range 
(<3.8 V p-p) the circuit of Figure 23 can be used. 


MC10318L9, MC10318L, MC10318CL7, MC10318CL6. 


FIGURE 23 — VOLTAGE OUTPUT 
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Vref * A =< RL 
- -V 
Vo Rref » 16 S 


Where a larger voltage swing is required, an op amp 
is required at the output. The choice of op amp will be 
based on whether accuracy or speed is of primary im- 
portance. Where repeatable and stable accuracy is re- 
quired, the op amp characteristics to consider are open- 
loop gain, offset voltage, bias current, and temperature 
drift. Where speed is paramount, a wideband amplifier 
should be used. Slew rate, propagation delay, and set- 
tling time of the op amp are the primary factors to eval- 
uate. The PC board should be designed for high fre- 
quency operation, possibly using Microstrip or Stripline 
techniques. See Figure 24 for a suggested circuit. 


FIGURE 24 — VOLTAGE OUTPUT 
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Connecting Ig and Ig as shown in the above figures 
places a constant dc load (51 mA) on the Vs supply, 
thus facilitating its design. The Gain Adjust resistor 
should be a 20 turn trimpot, as this will result in one 
turn equaling approximately 1 LSB of adjustment (for 
the recommended values in the figure). All of the re- 
sistors should have similar temperature coefficients for 
best temperature stability. 
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WAVEFORM GENERATION 


FIGURE 25 — SAWTOOTH GENERATOR FIGURE 26 — TRIANGLE GENERATOR 
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FIGURE 28 — OUTPUT CONNECTED TO 75 2 LINE 
FIGURE 27 — SINEWAVE GENERATOR 
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NOTES: obtained by monitoring the differential voltage at Pins 
1) When generating waveforms at low frequencies, fil- 14 and 15 (with equal load resistors). 

tering the output is recommended to smooth out the 3) When connecting the outputs to transmission lines 
steps. (See Figures 28 and 29), proper transmission line theory 
2) In many applications, bipolar voltage output may be and techniques must be used for optimum performance. 
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FIGURE 31 — EVALUATION CIRCUIT BOARD 
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EVALUATION BOARD FOR HIGH SPEED TESTING 


Introduction 

in order to facilitate evaluation of the MC10318 DAC, 
a PC board layout has been developed providing the 
appropriate signal levels and timing requirements. The 
board is designed to simultaneously evaluate the 
MC10315 and the MC10317 flash ADC’s in conjunction 
with the MC10318 DAC, and the system is capable of 
passing video speed signals at sampling rates of up to 
15 MHz. However, the MC10318 may be evaluated alone 
by installing only the appropriate components. The 
board may be purchased from Motorola (blank), or the 
user may make his own from the artwork shown on 
Figures 33 and 34. 


Board Specifications 

Power supply requirements: +15 V « 100 mA. 
~ Vt 120 mA. 
- 5.2 V a 550 mA. 


+5.0 V i: 300 mA. 


Sampling clock: Viy = -—0.9 V, Vip = —1.8 V (ECL 
levels) terminated with 50 ohms, 15 MHz max. 

Analog Input level: Selectable, see chart. 

Analog Input Impedance: Selectable, see chart. 
Output level: 0 to - 1.0 V, user alterable. 

Digital Input levels: (When ADC converters are not in- 
cluded) Vijy = —0.9V, Vip = —1.8 V (ECL levels). 


Operation 

The power supplies should be connected as shown 
in Figure 32. The leads should 'be short and direct. — 

The CLK Input (necessary if the ADC converters and. 
or the latches are used) uses a BNC connector, and is 
terminated with 50 ohms to ground. 

The Analog Input level (if the ADC converters are in- 
stalled) depends on the input resistors selected (see 
chart). The output of the buffer amplifier should produce 
a maximum 4 V p-p signal, or an amplitude equal to the 
references (user adjustable). 

The Analog Output is 0 to — 1.0 V, corresponding to 
a digital input (to the MC10318) of FF and 00 respec- 
tively. Output impedance is normally 20 ohms, but may 
be varied by the user (see previous text). 


MC10318L9, MC10318L, MC10318CL7, MC10318CL6 a 


Options 

Input Signal — The p-p voltage level of the analog 
input signal (when using the ADC converters) is accom- 
modated by selection of the input resistors from the 
chart (see schematic). 


ALT IN — The analog signal may be applied directly 
to the ADC converters (by-passing the on-board ampli- 
fier) by applying the input signal to this connector, and 
relocating the jumper adjacent to the ALT IN connector. 


The signal source must be capable of driving 2.5 k ohms 


in parallel with approx. 140 pF. 


V+ OUT — A pullup voltage (max. +2.5 V) may be 
applied to this connector in order to increase the output 
voltage swing. See the APPLICATIONS section of this 
data sheet. The 20 ohm load resistors may then be 
changed to other values. The jumper adjacent to the A 
OUT connector must be relocated. 


Evaluating the MC10318 only — Only those compo- 
nents within the dotted line on the schematic are re- 
quired. The digital inputs (ECL level) are to be applied 
to a connector strip located in pins 15-22 of the 
MC10317 position. +15 V and —5.2 V supplies are re- 
quired. The latches transfer the information on the ris- 
ing edge of the clock. 


Video Testing 

The above described printed circuit board has been 
tested, with a standard video test signal, for differential 
phase and differential gain (40 IRE sub-carrier on a 100 
IRE ramp, sampled at 14.3 MHz) with results of 1% gain 
error and 2° phase error. The signal was obtained from 
a Tektronix 147A video test generator, applied to the 
ALT IN connector. The output (of the MC10318) was 
configured into a 75 ohm output impedance, and ap- 
plied to a vector scope. 

Tests conducted with the Evaluation Board in a video 
system (video camera and a TV monitor) showed no 
visible degradation of picture quality (at 8 bits resolu- 
tion). The board provides an easy means of testing pic- 
ture quality at reduced number of bits, or for conducting 
any test on a digitized video signal. 
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FIGURE 32 — COMPONENT LOCATION AND EXTERNAL CONNECTIONS 
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FIGURE 33 — COMPONENT SIDE ARTWORK (TOP) 
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FIGURE 35 — MC10318 EQUIVALENT CIRCUIT 
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Peripheral Driver Array. ..............::scccssssccssssssccsssssersecssscssesseeaseessccesecesseessenaceecs 7-32 
Peripheral Driver Array ..............sssssssscscsccsrssssssvsacnscnsceccssssovscsscsesseenenneusecessersnces 7-32 
Peripneral- Driver Amay oct tade cade eevee eeeaich tea a an tae dante: 7-32 
Quad 1.5 A Darlington SWitch .0.........c ccc ccsssessccessssesssccscecessnseaeeerssseeeeeetecees 7-201 
Quad 1.5 A Darlington Switch .................00. nid seas suicecesidvonlteesd Manan aes te auaiiane 7-205 
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AM26L$31 


QUAD LINE DRIVER WITH NAND ENABLED 
THREE-STATE OUTPUTS 


- The Motorola AM26LS31 is a quad differential line driver 
~ intended for digital data transmission over balanced lines. It meets 
all the requirements of EIA Standard RS-422 and Federal Standard 
1020. 

The AM26LS31 provides an enable/disable function common to 
all four drivers as opposed to the split enables on the MC3487 
RS-422 driver. 

The high impedance output state is assured during power down. 
Full RS-422 Standard Compliance 

Single +5 V Supply 

Meets Full Vo = 6.0 V, Vcc = 0 V, Io < 100 WA Requirement 
Output Short Circuit Protection 

Complementary Outputs for Balanced Line Operation 

High Output Drive Capability 

Advanced LS Processing 

PNP Inputs for MOS Compatibility 


DRIVER BLOCK DIAGRAM 


Non-Inverting 


tnverting 
Enabie 


Output 
Controls 


Enable 


ORDERING INFORMATION 


Device Range Package 
AM26LS31DC 0 to 70°C Ceramic DIP 
AM26LS31PC 0 to 70°C Plastic DIP 


MOTOROLA 


QUAD RS-422 LINE DRIVER 
WITH THREE-STATE OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


D SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


TRUTH TABLE 


Control Non-Inverting Inverting 
inputs Output Output 
(E/E) 

H/L H L 
L H 
Zz Zz 


L = Low Logic State 
H = High Logic State 
X = Irrelevant 

Z = Third-State (High Impedance) 
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AM26LS31 


*“ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage 


Input Voltage 
Operating Ambient Temperature Range 


Operating Junction Temperature Range 
Ceramic Package 
Plastic Package 


Storage Temperature Range 


*”Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant to imply that the devices should be operated at these limits. 
The “Table of Electrical Characteristics’’ provides conditions for actual device operation. 


ELECTRICAL CHARACTERISTICS (unless otherwise noted specifications apply 4.75 V < Vcc < 5.25 V and 0°C < Ta < 70°C. 
Typical values measured at Vcc = 5.0 V, and Tp = 25°C.) 


nput Voltage — Low Logic State 


Input Voltage — High Logic State 


input Current — Low Logic State 
(Vip = 0.4 V) 


Input Current — High Logic State 
(Vip = 2.7 V) 
(Vip = 7.0 V) 


Input Clamp Voltage 
(Inq = -18 mA) 

Output Voltage — Low Logic State 
(lo_ = 20 mA) 

Output Voltage — High Logic State 
(194 = -20 mA) 

| Output Short-Circuit Current 

(Vip = 2.0 V) 2 

Output Leakage Current — Hi-Z State 


(VoL = 0.5 V, ViL(E) = 0.8 V. Vin(e| = 2.0 V) 
(VoH =2.5V, Vit(e) = 0.8 V, Vine) = 2.0 V) 


Output Leakage Current — Power OFF 
(VoH = 6.0 V, Vcc = 0 V) 
(VoL = -0.25 V, Vcc = 0 V) 


Output Offset Voltage Difference! 
Output Differential Voltage 1 
Output Differential Voltage Difference 1 


Power Supply Current 
(Output Disabled)3 


1. See EIA Specification RS-422 for exact test conditions. 

2. Only one output may be shorted at a time. 

3. Circuit in three-state condition. 

SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 
Characteristic 


Propagation Delay Times 
High to Low Output 
Low to High Output 


Output Skew ee ce 


Propagation Delay — Control to Output 
(Ci, = 10 pF, Ry = 75 2 to Gnd) 
(CL = 10 pF, Ry = 180 2 to Vcc) 

(Cy = 30 pF, Ry = 75 2 to Gnd) 

(Cy. = 30 pF, Ry = 180 2 to Vcc) 


tPHZ(E) 
tPLZ(E) 
tPZH(E) 
tPZL(E) 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-5 


AM26LS31 


FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT 
AND WAVEFORMS 


3.0 V or Gnd 
To Scope (Input) Input. 


inv 


Pulse generator characteristics Output Open for tpZH(E) Test Only 


2Zo= 50 2Q 
PRR < 1.0 MHz 


Enabl Non-Inv 
50% Duty Cycle pave Output 
tTLH. tTTHL <6 ns 


Pulse = 
Generator 


R, — See Test Table 


C, Includes Probe and Jig Capacitance. See Test Table 


3.0 V 
Control Control 
Input jf Input 
(Enable) (Enable) 
t 
oie PZL(E) 


Output 
Output 


tPZH(E) 


tPLZ(E) 


Output 
Output 


FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO 


OUTPUT WAVEFORMS AND TEST CIRCUIT — 
utput) 


Scope 
(Input) ns 


Output 
O 
Pulse age 
Generator Non-inv 


Output 
Pulse generator characteristics 
Z9 = 502 
PRR < 1.0 MHz 
50% Duty Cycle 


O 3.0 V 
Enable 


C._ Includes Probe and Jig Capacitance 
tT LH, tTTHL <6 ns 


Output 


tPLH 


Output 
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(AA) MOTOROLA 


QUAD RS-422/423 LINE RECEIVER 


Motorola’s Quad RS-422/3 Receiver features four independent receiver 
chains which comply with EIA Standards for the Electrical Characteristics 
of Balanced/Unbalanced Voltage Digital Interface Circuits. Receiver out- 
puts are 74LS compatible, three-state structures which are forced to a 
high impedance state when Pin 4 is a Logic ‘0’ and Pin 12 is a Logic ‘1’. A 
PNP device buffers each output control pin to assure minimum loading for 
either Logic “1” or Logic ‘0’ inputs. In addition, each receiver chain has 
internal hysteresis circuitry to improve noise margin and discourage output 
instability for slowly changing input waveforms. A summary of AM26LS32 
features include: 

Four Independent Receiver Chains 
Three-State Outputs 


High Impedance Output Control Inputs 
(PIA Compatible) 


Internal Hysteresis — 30 mV (Typ) @ Zero Volts Common Mode 
Fast Propagation Times — 25 ns (Typ) 

TTL Compatible 

Single 5 V Supply Voltage 


Fail-Safe Input-Output Relationship. Output Always High When 
Inputs Are Open, Terminated or Shorted 


6K Minimum Input Impedance 


RECEIVER CHAIN BLOCK DIAGRAM 


Three-State 
Differential Control 
Inputs Inputs Output 


" 
Hysteresis 


co ae ie) 
Translator 


QUAD RS-422/3 LINE RECEIVER 
WITH THREE-STATE 
OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


D SUFFIX 
CERAMIC PACKAGE 


CASE 620-02 
16 | 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


Outputs a) 


3-State 
Control 


ra] 3-State 
Control 


ORDERING INFORMATION 


Temperature 
AM26LS32D 0 to + 70°C Ceramic DIP 
AM26LS32P 0 to + 70°C Plastic DIP 
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AM26LS32 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


| 


Output Sink Current 


! Storage Temperature 


Operating Junction Temperature 
. Ceramic Package 


Plastic Package 
Note 1: “Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be guaran- 
teed. They are not meant to imply that the devices should be operated at these limits. The ‘Table of Electri- 
cal Characteristics’ provides conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


[C«Rating ~——SSS*dtCS yma Value | Unit | 


Input Differential Voltage Range Vipr | 60 | Vdc 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted minimum and maximum limits apply over recommended temperature and 
power supply voltage ranges. Typical values are for Ta = 25°C, Vcc = 5.0 V and Vic = 0.V. See 
| Note 1.) 


Characteristic 


Input Voltage — High Logic State 
(Three-State Control) 


Input Voltage — Low Logic State Vat 
(Three-State Control) 
Differential Input Threshold Voltage (Note 4) 
(-7.0V < Vic < 7.0V, ViH = 2.0 V) 
(Ip = -0.4 mA, Voy 2 2.7 V) 
(ig = 8.0 mA, Vo, < 0.45 V) 
Input Bias Current 
(Vcc = 0V or 5.25) (Other Inputs at —-15 V < Vin < +15 V) 
Vin = +15V 
Vin = —15V 
Input Resistance (—- 15 V < Vin < +15 V) 
Input Balance and Output Level 
(-7.0V < Vic < 7.0V, Vin = 2.0 V, 
See Note 3) 
(Ig = -0.4 mA, Vip = 0.4 V) 
(Ig = 8.0 mA, Vip = -0.4 V) 
Output Third State Leakage Current 
(Vip) = +3.0V, Vit = 0.8V, Vo = 0.4V) 
(Vip) = —3.0V, Vi_ = 0.8V, Vo = 2.4V) 
Output Short-Circuit Current 
(Vip) = 3.0 V, Vin = 2.0 V, Vo = OV) 
See Note 2) 
Input Current — Low Logic State 
(Three-State Control) 
Input Current — High Logic State 
 (Three-State Control) 
(Vigq = 2.7 V) a 
(Vi = 5.5 V) 
Input Clamp Diode Voltage 
(Three-State Control) 
(ic = — 18 mA) 
Power Supply Current 
(Vi__ = 0 V) (All inputs’ Grounded) 
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AM26LS32 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0 V and Ta = 25°C) 


Propagation Delay Time — Differential 
Inputs to Output 
(Output High to Low) 
(Output Low to High) 


Propagation Delay Time — Three-State 
Control to Output 
(Output Low to Third State) 
(Output High to Third State) 
(Output. Third State to High) 
(Output Third State to Low) 


NOTES: | , 3. Refer to EIA RS422/3 for exact conditions. Input balance and guaranteed out- 


1. All currents into device pins are shown as positive, out of device pins are put levels are done simultaneously for worst case. 
negative. All voltages referenced to ground unless otherwise noted. , 4. Differential input threshold voltage and guaranteed output levels are done 
2. Only one output at a time should be shorted. simultaneously for worst case. 


SWITCHING TEST CIRCUIT AND WAVE FOR 
FIGURE 1 - PROPAGATION DELAY DIFFERENTIAL INPUT TO OUTPUT 


To Scope . To Scope . 
(Input) (Output) +2.5V 


Input 
-2.5V —W/L--—-—- 


ee 


Differential tpH L(D) 


= 15 pF 


Pulse a, (Includes Probe vo, 
Generator and-Stray. eG ee es 
Capacitance) fon Pulse Characteristics 


tTLH = tTHL ~ 6.0 ns (10% to 90%) 
= 9 ’ 
OV +2.0V 3-State Control PO even Meher ee 


FIGURE 2 — PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT 


Input Pulse Characteristics To Scope 


t{TLH = tTHL = 6.0.ns (10% to90%) —‘*{!nput) 3-State 
PRR = 1.0 MHz, 50% Duty Cycle Control 


To Scope 
(Output) 


Pulse 


Generator 


+ 1.5 V for tpyz and tp7H 
— 1.5 V for tp_z and tpz° 


Differential 
All Diodes 1N916 or 


Inputs Cy = 15 pF 
(Includes. | Equivalent 
Probe and Stray _L 
Capacitance) ef sw 
tpiz tPpHz 
3.0 V 3.0 V 
Input 1.5V Input 1.5V SW1 Closed 
oy ui SW1 Closed OV - SW2 Closed 
tpLz SW2 Closed tPHZ 
aie” | VOH 0.5V 
Output O.5V Output 
Vv : ie 
LS ae i ere ae an 
t 
3.0V ‘ZH 3.0V ree Sa eee 
Input 15V Swi Open Input SW sie 
ovi-—- : SW2 Closed ovV-- 2IPEN 
. tPZH tPZL 
VOH =5.0V —- Vee 
Output Output 1.5V 
ONS CS 2 ov 
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QUAD THREE-STATE 
BUS TRANSCEIVER 


QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the —48 mA driver and —20 mA receiver out- 
puts are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 wA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

The MC8T26A is identical to the NE8T26A and it operates from 
a single +5 V supply. 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS © 


High Impedance Inputs 
Single Power Supply 
High Speed Schottky Technology 


LL SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 
16 
: 41 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


Three-State Drivers and Receivers 
Compatible with M6800 Family Microprocessor 


PIN CONNECTIONS — MC8T26A 
MC6880A 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GNDO+5S V $1 2 


Receiver 
Enable 
Input 


Receiver 
Output 


Receiver 
Output 
4 


MC8T95/MC6885 


thru 
MC8T98/MC6888 
BUS EXTENDER 


ADDRESS 

AND _ 
CONTROL 
BUS 


MC6860 
MODEM 
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MC8T26A, MC6880A 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Power Supply Voltage 
Input Voltage 


Junction Temperature 
- Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
Storage Temperature Range 


Characteristic 


Input Current — Low Logic State 
(Receiver Enable Input, Vii (RE) = 0.4 V) 
(Driver Enable Input, Vit (pe) = 0.4 V) IL(DE) 
(Driver Input, Vit(p) = 0.4 V) lL «D) 
(Bus (Receiver) Input, Vj_(g) = 0.4 V) 


Input Disabled Current — Low Logic State 
(Driver Input, ViL(p) = 0.4 V) 


Input Current-High Logic State 
(Receiver Enable Input, Viy(RE) = 5.25 V) 
(Driver Enable Input, Vij y(pg)-= 5.25 V) 'TH(DE) 
(Driver Input, Vi H(p) = 5.25 V) NWH(D) 
(Receiver Input, Vjy(pB) = 5.25 V) NH(B) 


Input Voitage — Low Logic State 
(Receiver Enable Input) 
(Driver Enable Input 
(Driver Input) 

(Receiver Input) 


Input Voltage — High Logic State 
(Receiver Enable Input) VIH(RE) 
(Driver Enable Input) VIH(DE) 
(Driver Input) VIH(D) 
(Receiver Input) VIH(B) 


Output Voltage — Low Logic State 
(Bus Driver) Output, IoL(gB) = 48 mA) 
(Receiver Output, lo_(R) = 20 mA) 
Output Voltage — High Logic State 
(Bus (Driver) Output, IoH(B) = —10 mA) 
(Receiver Output, loH(R) = —2.0 MA) 
(Receiver Output, IQH(R) = —100 HA, Vcc = 5.0 V) 


Output Disabled Leakage Current — High Logic State 
(Bus Driver) Output, VoH(B) = 2.4 V) 'OHL(B) 
(Receiver Output, VoH(R) = 2.4 V) . 'OHL(R) 


Output Disabled Leakage Current — Low Logic State 
(Bus Output, VoL (g) = 0.5 V) IOLL(B) 
(Receiver Output, VoL(R) = 9.5 V) IOLL(R) 


Input Clamp Voltage 
(Driver Enable Input l)p(pe) = —12 mA) VIC(DE) 
(Receiver Enable Input ljc(REe) = +12 MA) Vic(RE) 
(Driver Input I}c(p) = —12 mA) VIC(D) 
Output Short-Circuit Current, Vcc = 5.25 V 
(Bus (Driver) Output) 
(Receiver Output) 


Power Supply Current 
(Voc = 5.25 V) 


(1) Only one output may be short-circuited at a time. 
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MC8T26A, MC6880A 


SWITCHING CHARACTERISTICS (Unless otherwise noted, specifications apply at Ta = 25°C and Vcc = 5.0 V) 


High Logic State Receiver Output 

Pieiagesueneneorme | YT 
Low Logic State Receiver Output 
High Logic State Driver (Bus) Output 

Propagation Delay Time from Driver Input to 

Low Logic State Driver (Bus) Output 
High Impedance (Open) Logic State Receiver Output 
Low Logic Level Receiver Output 


Propagation Delay Time from Driver Enable Input to tPLZ(DE) 
High Impedance Logic State Driver (Bus) Output 

Propagation Delay Time from Driver Enable Input to tPZL(DE) 
Low Logic State Driver (Bus) Output 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tp_y(R) AND tpy1(R) 


trLH <5.0ns trHL <= 5.0ns 


2.6V 
Input 
Ov 
t Input Pulse Frequency = 10 MHz 
PHL(R) Duty Cycle = 50% 
VOH 
Output 
VOL 
| a= 2.6 V 
To Scope Receiver To Scope 
(Input) Enable (Input) 
Input 


O O 
92 


Receiver 1N9 16 


Receiver (Bus : 
rBus) Output or Equiv. 


Input 


Driver 
Input 


B 
> 
rd oS S1ak AR 30PF 
Be 


Driver 
Enable 
Input 


Pulse Ga 
Generator 
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MC8T26A, MC6880A 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tpLH(p) AND tpHL(D) 


trHL. = 5.0 ns 


tPHL(D) 


Input Pulse Frequency = 10 MHz 
VOH 


Duty Cycle = 50% 
Output 


VOL 


To Scope 


To Scope 
(Input) 


(Output) 


Driver 
Driver (Bus) 


Input Output 


Receiver 
Output 


Receiver 
Pulse Enable 
Generator 


FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp, 2(RE) AND tpz_ (rE) 


Ov 


tpLZ(RE) tpZ2L(RE) 
23.5 V 


Input Pulse Frequency = 5.0 MHz 
Output 


Duty Cycle = 50% 
VOL 


To Scope 


5.0V 
(input) 


; To Scope 
Receiver Enable (Output) 


Receiver 
Output 


Pulse 
Generator 


Driver Enable 
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MC8T26A, MC6880A 


FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tp_2(pE) AND tpz-L (DE) 


Input Pulse Frequency = 5.0 MHz 
Duty Cycle = 50% 


*PZL(DE) tPLZ(DE) 
73.5 V 


Output 


! VOL 


5.0 V 
To Scope 


. Té Scope Driver Enable (Output) 
Input 


(Input) 


Driver (Bus) 


Pulse , 
Receiver Output 
Generator Output 


1N916 


Receiver or Equiv. 


Enable 
Input 


FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS 


Receiver 
Outputs Receiver 
O O Outputs 


eres ce tae ely! 
@ e 
@ @ 


Driver 


Driver 
Inputs 


Inputs 


To Other 
Drivers/ Receivers 


| Driver = Receiver 
Enable Enable 
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(AA) MOTOROLA 


NONINVERTING 
QUAD THREE-STATE BUS TRANSCEIVER 

This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and -20 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 uA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

Propagation delay times for the driver portion are 17 ns maximum 
while the receiver portion runs 17 ns. The MC8T28 is identical to 
the NE8T28 and it operates from a single +5 V supply. 


High Impedance Inputs 

Single Power Supply 

High Speed Schottky Technology 

Three-State Drivers and Receivers 

Compatible with M6800 Family Microprocessor 
Non-Inverting 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GND+5V $1. $2 
C) 


M6800 
MPU 


thru 
MC8T98/MC6888 
BUS EXTENDER 


ADDRESS 
AND 
CONTROL 
BUS 


MC6850 
ACIAs 


MC8T28 
MC6889 


NONINVERTING 
BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 
16 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS — MC8T28 
MC6889 


Receiver 
Enable 
[Input 
Receiver Driver 
Output 15 | Enable 
1 Input 
Receiver 


Bus Output 


Driver 
Input 


1 
Driver 


Input 


ORDERING INFORMATION 


Temperature 
Alternate Range Package 


MC8T28L | MC6889L | 0 to +75°C | Ceramic DIP 
MC8T28P | MC6889P | 0 to +75°C | Plastic DIP 
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MC8T28, MC6889 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted.) 


Junction Temperature 


Ceramic Package 
Plastic Package 


ELECTRICAL CHARACTERISTICS (4.75 Vv < Voc < 5.25 V and 0°C < Ta < 75°C unless otherwise noted.) 
Characteristic Symbol! 


Input Current — Low Logic State 


(Receiver Enable Input, Vit (RE) = 0.4 V) NWL(RE) 
(Driver Enable Input, Vit (pe) = 0.4 V) 'IL(DE) 
(Driver Input, Vit (p) = 0.4 V) NL(D) 
(Bus (Receiver) Input, Vj_(g) = 0.4 V) E(B) 


Input Disabled Current — Low Logic State IL(D) DIS 
(Driver Input, Vj_{p) = 0.4 V) 


Input Current-High Logic State 
(Receiver Enable Input, Vi q(RE) = 5.25 V) 
(Driver Enable Input, Vip(pe).= 5.25 V) 

(Driver Input, Vip(p) = 5.25 V) 


Input Voltage — Low Logic State 


ItH(RE) 
'}H(DE) 
lTH(D) 


(Receiver Enable Input) VIL(RE) 
(Driver Enable Input VIL(DE) 
(Driver Input) VIL(D) 


WW 
ee 


(Receiver Input) Vit(B) 


Input Voltage — High Logic State 


(Receiver Enable Input) VIH(RE) 
(Driver Enable Input) VIH(DE) 
(Driver Input) VIH(D) 


(Receiver Input) VIH(B) 


Output Voltage — Low Logic State 
(Bus Driver) Output, loL(pB) = 48 mA) 
(Receiver Output, toL(R) = 20 mA) 
Output Voltage — High Logic State 
(Bus (Driver) Output, |oH(B) = —10 mA) 
(Receiver Output, lO} (R) = —2.0 mA) 
(Receiver Output, IoH(R) = —100/uA, Vcc = 5.0 V) 


Output Disabled Leakage Current — High Logic State 
(Bus Driver) Output, VoH(gB) = 2.4 V) IOHL(B) 
(Receiver Output, VOH(R) = 2.4 V) 


Output Disabled Leakage Current — Low Logic State 
(Bus Output, Vo_(g) = 0.5 V) 
(Receiver Output, VoL (R) = 0.5 V) 


IOLL(B) 
IOLLIR) 


Input Clamp Voltage 
(Driver Enable Input lj p(pE) = —12 mA) 
(Receiver Enable Input !;c(Re) = +12 mA) VIC(RE) 
(Driver Input lic(p) = —12 mA) VICI(D) 


Output Short-Circuit Current, Vcc = 5.25 V 
(Bus (Driver) Output) los(B) -50 
(Receiver Output) losiR) -30 
Power Supply Current . lec 


(1) Only one output may be short-circuited at a time. 


VIC(DE) 


% 
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MC8T28, MC6889 


Characteristic 


Propagation Delay Time—Receiver (Cy = 30 pF) 


Propagation Delay Time—Driver (Cy = 300 pF) 


Propagation Delay Time—Enable (C,_ = 30 pF) 
— Receiver 


— Driver Enable (C__ 300 pF) 


SWITCHING CHARACTERISTICS (Uniess otherwise noted, Vcc = 5.0 V and Ta = 25°C) 


tPLH(R) 
tPHL(R) 


tPLH(D) 17 
tPHL(D) 7 


tpZL(R) 23 
tPLZ(R) 18 
tpZL(D) 28 
tPLZ(D) 23 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tpiy(R) AND tpHL(R) 


trHL < 5.0 ns 


2.6 V 
Input 
Ov 
TPHL(R) 
VOH 
Output 


VOL 


To Scope Receiver 
(Input) Enable 
Input 
O 


Receiver (Bus) 
Input 
O 


Pulse mt) : 
Driver 
Generator 


Enable 
Input 


Input Pulse Frequency = 10 MHz 
Duty Cycle = 50% 


To Scope 
(Input) 


Receiver 
Output 


Driver 
Input 
O 
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MC8T28, MC6889 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 


DRIVER INPUT TO BUS (DRIVER) OUTPUT, tp_H(p) AND text (p) 


Output 


To Scope Driver 
(Input) Enable 
Input 


Receiver 
Output 


Receiver 


Pulse Enable 
Generator 


i Input Pulse Frequency = 10 MHz 
PLH(D) Duty Cycle = 50% 


To Scope 
(Output) 


Driver 
(Bus) 
Output 


FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp_2(ReE) AND tp2L (RE) 


To Scope 


(Input) Receiver Enable 
Input 


Pulse Receiver (Bus) 
Generator Input 


Driver Enable 
Input 


tpZL(RE) 
Input Pulse Frequency = 5.0 MHz 
Duty Cycle = 50% 


; 5.0 V 
To Scope 


(Output) 


Receiver 
Output 
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MC8T28, MC6889 


FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tp_z(pE) AND tpzL (DE) 


tTHL S 5.0ns 


2.6V 
Input 
ov input Pulse Frequency = 5.0 MHz 
Duty Cycle = 50% 
tpZL(DE) ——» tPLZ(DE) 
=3.5 V 
Output 


Ov 5.0 V 


To Scope 


To Scope Driver Enable 


(Output) 
Input 
(Input) e 


70 


Driver (Bus) 
coe Receiver Output 
Generator Output 
1N916 
Receiver or Equiv. 


Enable 


Input 


FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS 


Receiver 
Outputs Receiver 
O O Outputs 


La ene ee ieee oe 
O O 
Driver ge ll 


Driver 
Inputs Inputs 


Driver i 
Enable ; To omer 
Drivers/ Receivers 


Driver Receiver 
Enable Enable 
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MC8T95/MC6885 
MC8T96/MC6886 
MC8T97/MC6887 
MC8T98/MC6888 


HEX THREE-STATE BUFFER INVERTERS 


This series of devices combines three features usually found 
desirable in bus-oriented systems: 1) High impedance logic inputs 
insure that these devices do not seriously load the bus: 2) Three-state 
logic configuration allows buffers not being utilized to be effectively 
removed from the bus; 3) Schottky technology allows high-speed 
operation. 


The devices differ in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 provide a two-input Enable which 
controls all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 provide two Enable inputs — one 
controlling four buffers and the other controlling the remaining 
two buffers. 

The units are well-suited for Address buffers on the M6800 or 
similar microprocessor application. 


High Speed — 8.0 ns (Typ) 

Three-State Logic Configuration 

Single +5 V Power Supply Requirement 

Compatible with 74LS Logic or M6800 Microprocessor Systems 
High Impedance PNP Inputs Assure Minimal Loading of the Bus 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Ciock) 
GNDOD+5 V $1 2 
O 


MPU 


MC8T95/MC6885 
thru 
MC8T98/ MC6888 
BUS EXTENDER 


MC8T26A/MC6880A 
BUS EXTENDER 


MC683 
ADDRESS ROM 
AND DATA 
CONTROL BUS 
BUS 


MOTOROLA 


HEX THREE-STATE 
BUFFER/INVERTERS 


CASE 620-02 CASE 648-05 


INPUT EQUIVALENT 
CIRCUIT 


OUTPUT EQUIVALENT 
CIRCUIT 


ORDERING INFORMATION 
(Temperature Range for the following devices = 
0 to +75°C) 


ALTERNATE 
MC6885L 
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MC8T95—98/MC6885-—88 


PIN CONNECTIONS AND TRUTH TABLES 


MC8T95/MC6885 MC8T96/MC6886 


14 Input F Output A 


Output F Input B 


Input E Output B 


11] Output E Input C 


Input D Output C 


L = Low Logic State 

H = High Logic State 

Z = Third (High Impedance) State 
X = Irrelevant 


Power Supply Voltage 

Input Voltage 

Operating Ambient Temperature Range 
Storage Temperature Range 


Operating Junction Temperature 
Plastic Package 
Ceramic Package 
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| . MC8T95—98/MC6885—88 


! ELECTRICAL CHARACTERISTICS (Unless otherwise noted, O°C <Tp~ <75°C and 4.75 V SVcc S5.25 V) 


Input Voltage — High Logic State 
(Voc = 4.75 V, Ta = 25°C) | 


Input Current — High Logic State 

(Vcc = 5.25 V, Vin = 2.4 V) 
Input Current — Low Logic State 

(Vcc = 5.25 V, Viz = 0.5 V, Vite) = 0.5 V) 
Input Current — High Impedance State 

(Vec = 5.25 V, Viti) = 0.5 V, ViH(E)= 2.0 V) 
Output Voltage — High Logic State 

(Vcc = 4.75 V, IoH = -5.2 mA) 


1 
| 
i 


Output Current — High Impedance State 
(Voc = 5.25 V, Von = 2.4 V) 
(Vcc = 5.25 V, Voy = 0.5 V) 
Output Short-Circuit Current 
(Vcc = 5.25 V, Vo = 0) 
(only one output can be shorted at a time) 
Power Supply Current 
(Vcc = 5.25 V) MC8T95, MC8T97, MC6885, MC6887 
MC8T96, MC8T98, MC6886, MC6888 
Input Clamp Voltage 
(Veco = 4.75 V, lie = -12 mA) 
Output Vcc Clamp Voltage 
(Vcc = 9, loc = 12 mA) 
Output Gnd Clamp Voltage 
(Vec = 0, loc = -12 mA) 


Input Voltage 
(1) = 1.0 mA) 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


7 MC8T96/98 
7 MC6886/88 
Symbol! Typ 


MC8T95/9 
MC6885/8 
[ Min | tye | Max | min | Tye | Max _| 


Characteristic 


Propagation Delay Time — High to Low State tPHL 
(CL = 50 pF) 12 — 11 
(CL = 250 pF) = 15 = 
(CL = 375 pF) 
(CL = 500 pF) 


Propagation Delay Time — Low to High State tPLH 
| (C, = 50 pF) 
(CL = 250 pF) 
| (CL = 375 pF) 
| (Cy = 500 pF) 


Transition Time — High to Low State 
(CL = 250 pF) 


(CL = 375 pF) 
(CL = 500 pF) 
Transition Time — Low to High State 


(CL = 250 pF) 
(CL = 375 pF) 
(C= 500 pF) 


Propagation Delay Time — High State to Third State tPHZ(E) _ = 
(Cy. = 5.0 pF) 


Propagation Delay Time — Low State to Third State tPLZ(E) 
(C, = 5.0 pF) 

Propagation Delay Time — Third State to High State — tPZH(E) 
(Cy = 50 pF) 

Propagation Delay Time — Third State to Low State tPZL(E) 
(Cy = 50 pF) 
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MC8T95—98/MC6885-—88 


FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS 


To Scope 


To Scope (Input) Output 


Input or 
Enable 


200 


1N3064 
Pulse or Equivalent 


Generator 


C,. Includes Probe and 
Jig Capacitance 


Open for 
tPZL(e) Tes 


Open for tpz1(—) Test Only 
+5 V 


FIGURE 2 — WAVEFORMS FOR PROPAGATION DELAY 
TIMES INPUT TO OUTPUT 
3V 


MC8T96, MC6886 
MC8T98 or MC6888 


tPLH 


Output 
MC8T95,,MC6885 
MC8T97 or MC6887 


Input Pulse Conditions 


tTHL = tTLH < 10 ns 
f = 1.0 MHz 


t Only 


FIGURE 3 — WAVEFORMS FOR PROPAGATION DELAY TIMES — ENABLE TO OUTPUT 


Vou eee 3.0 V 
Output <a 1.5V Enable 
| <1.5V 7 | 0 
tpH2(E) 9 tPZL(E) 
: 3.0 V 
Enable 1.5 V 1.5V Output 
) VOL 
3.0 Vv 3.0 V 
Enable 1.5V ~15V 1.5V Enable 
0 0 
ees v7 
Output VoL OH 
tPLZ(E) 1.5 Vv Output 


H = High-Logic State, 


L = Low-Logic State, Z = High Impedance State 
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MC26S10 


QUAD OPEN-COLLECTOR 


QUAD OPEN-COLLECTOR BUS TRANSCEIVERS BUS TRANSCEIVERS 


These quad transceivers are designed to mate Schottky TTL or 
NMOS logic to a low impedance bus. The Enable and Driver inputs 
are PNP buffered to ensure low input loading. The Driver (Bus) out- 
put is open-collector and can sink up to 100 mA at 0.8 V, thus the 
bus can drive impedances as low as 100 {2. The receiver output is 
active pull-up and can drive ten Schottky TTL loads. 

An active-low Enable controls all four drivers allowing the outputs 
of different device drivers to be connected together for party-line 
operation. The line can be terminated at both ends and still give 
considerable noise margin at the receiver. Typical receiver threshold 
is 2.0 V. 

Advanced Schottky processing is utilized to assure fast propaga- 
tion delay times. Two ground pins are provided to improve ground 
current handling and allow close decoupling between Vcc and 
ground at the package. Both ground pins should be tied to the 
ground bus external to the package. 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


Driver Can Sink 100 mA at 0.8 V (Max) 


PNP Inputs for Low-Logic Loading P SUFFIX 
PLASTIC PACKAGE 


Typical Driver Delay = 10 ns CASE 648-05 


Typical Receiver Delay = 10 ns 


Schottky Processing for High Speed 


Inverting Driver — MC26S10 
Non-Inverting — MC26S11 


PIN CONNECTIONS 


TYPICAL APPLICATION 


Receiver 
Output A 


Enable. Enable 


Driver 
Input B 
Receiver 

Output B 


Driver Driver 
Inputs Inputs 


MC26S10/ MC26S10/ 


Receiver 
Output D 


—_ 
—_ 


Receiver Receiver 
Outputs Outputs 


Driver 
inputs 


Driver 
Inputs 


MC26S10/ MC26S10/ 


Receiver Receiver 
Outputs Outputs 


—_ 
~_ 


Low Logic State 
High Logic State 

= Irrelevant 

= Assumes condition controlled 


by oter elements on the bus 


Enable Enable 
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MC26S10, MC26S11 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted.) 


Power Supply Voltage ~0.5 to +7.0 | Vde | 
Input Voltage -0.5 to +5.5 | Vide | 
TA 


Output Voltage — High Impedance State Vo (Hi-z) -0.5toVcc 
Output Current—Bus lo(B) 


Operating Ambient Temperature A 
Storage Temperature -~65 to +150 


Junction Temperature 
Ceramic Package 
Plastic Package 


V 
V 
mM 
mM 
oO 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted Vcc = 4.75 to 5.25 V and Ty = 0 to +70°C. 
Typical values measured at Vcc = 5.0 V and Ta = 25°C.) 


(Driver and Enable Inputs) 
Input Voltage — High Logic State aaa 
(Driver and Enable Inputs) 


Input Clamp Voltage 
(Driver and Enable Inputs) 
(Ij = -18 mA) 
Input Current — Low Logic State 
(Vip = 0.4 V) 
(Enable Input) 
(Driver Inputs) 
Input Current — High Logic State (Vin = 2.7 V) 
(Enable Input) 
(Driver Inputs) 


Input Current — Maximum Voltage 
(Vind = 5.5 V) 
(Enable or Driver Inputs) 


Driver Output Voltage — Low Logic State 


(lo. = 40 mA) 
(Io, = 70 mA) 
(lo, = 100 mA) 


Driver (Bus) Leakage Current 
(VOH = 4.5 V) 

(VoL = 0.8 V) 

Driver (Bus) Leakage Current 
(Vcc = OV, VOH = 4.5 V) 

Receiver |nput High Threshold 
(VIH(E) = 2.4 V) 

Receiver Input Low Threshold 
(VIH(E) = 2.4 V) 


Receiver Output Voltage — Low Logic State eae he 
(loL = 20 mA) 
Receiver Output Voltage — High Logic State i Ge ee ee ae 
(lon =-1.0 mA) 
ae 


Receiver Output Short-Circuit Current (Note 1) 


Power Supply Current — Output Low State 
(ViL(E) = OV) MC26S10 
MC26S11 


NOTE 1: One output shorted at a time. Duration not to exceed 1.0 second. 
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SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ty = 25°C unless otherwise noted.) 


Characteristic 


Propagation Delay Time 
Driver Input to Output 


tPLH(D) 
tPHL(D) 


Propagation Delay Time 
Enable input to Output tPLH(E) 


Propagation Delay Time 
Bus to Receiver Output tPLH(R) 10 15 10 15 ns 
tPHL(R) 10 15 10 15 


Rise and Fall Time of Driver Output tTLH(D) 4.0 4.0 10 
tTHL(D) 2.0 2.0 4.0 


SWITCHING WAVEFORMS AND CIRCUITS 


FIGURE 1 — DATA INPUT TO BUS OUTPUT (DRIVER) 


Vcc 
3.0 V To Scope 
Driver (Input) 
Inpir Dyiver To Scope 
Ov (Output) 
VOH 
' Pulse 50 pF 
Driver (Includes 
Generator 
Output probe 
Vv and jig 
Ob capacitance) 
FIGURE 2 — ENABLE INPUT TO BUS OUTPUT (DRIVER) 
Vec 
3.0 V To Scope +3.0 V 
: (Input) : 
Enable Driver 
Input 
OV iS as 
iy TPLH(E) a 
OH 
Dri 50 pF 
Suniur Pulse (Includes 
Y Generator probe 
OL and jig 
capacitance) 
FIGURE 3 — BUS INPUT TO RECEIVER OUTPUT 
Vcc Vv 
V To ‘Scope ig 
OH (Output) 
Driver oe 280 
Output or 


(Input) Vor Equivalent 


To ‘5 15 pF (Total) 
Scope _— 
VOH (Input) = 
Receiver 
Output 1.5V 


Vv mat ES 50 pF 
on T (Total) 


Pulse 
Generator 
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(AA) MOTOROLA 


MONOLITHIC DUAL LINE DRIVER 


The MC75S110 dual line driver features independent 
channels with common voltage supply and ground termi- DUAL LINE DRIVERS 
nals. Each driver circuit provides a constant output current 
that switches to either of two output terminals subject to SILICON MONOLITHIC 
the appropriate logic levels at the input terminals. Output INTEGRATED CIRCUIT 
current can be switched “off” (inhibited) by appropriate logic 
levels at the inhibit inputs. Output current is nominally 
twelve milliamperes. 
The inhibit feature permits use in party-line or data-bus 
applications. A strobe or inhibitor, common to both drivers, 
is included to increase driver-logic versatility. With output 
current in the inhibited mode, IO(off) is specified so that 
minimum line loading occurs when the driver is used in a 
party-line system with other drivers. Output impedance of 
the driver in inhibited mode is very high (the output 
impedance of a transistor biased to cutoff). 
All driver outputs have a common-mode voltage range L SUFFIX 
of -3.0 volts to +10 volts, allowing common-mode voltage CERAMIC PACKAGE 


on the line without affecting driver performance. CASE 632-02 


_ ae ; MO-001AA 
@ Insensitive to Supply Variations Over the Entire 


Operating Range 
MTTL Input Compatibility 
Current-Mode Output (12 mA Typical) 


High Output Impedance P SUFFIX 


PLASTIC PACKAGE 


High Common-Mode Output Voltage Range CASE 646-05 
(-3.0 V to +10 V) 


Inhibitor Available for Driver Selection 


INHIBIT 


INPUT 
OUTPUTS mam OUTPUTS 


Voc 1Y 12 VEE D 2zZ 


TRUTH TABLE 


INHIBITOR 
Logic UTS INPUTS 
TS fata 


Lor wH 


Low output represents the ‘‘on”’ state. 
High output represents the ‘‘off’’ state. 


1A 18 1c 2C 2A 2B GND 
LOGIC INHIBIT LOGIC 
INPUTS INPUTS INPUTS 
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MC75S110 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


a 
Power Supply Voltages Vcc +7.0 Volts 
(See Note 1) VEE -7.0 
Logic and Inhibitor Input Voltages Vin Volts 
(See Note 1) 
Common-Mode Output Voltage Range VOCR -5.0 to +12 Volts 
(See Note 1) 


1000 mw 
3.85 mw/°c 


-65 to +150 
-65 to +150 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual !n-Line Packages 
Derate above Tp = +25°C 


Operating Temperature Range 


Storage Temperature Range 
Ceramic Dual In-Line Package 
Plastic Dual In-Line Package 


Power Supply Voltages Vcc +4.75 +5.0 +5,25 Volts 


Common-Mode Output Voltage Range 


Note 1. These voltage values are in respect to the ground terminal. 
Note 2. When using only one channel of the line drivers, the other channel should be 
inhibited and/or its outputs grounded. 


DEFINITIONS OF INPUT LOGIC LEVELS* 


* The algebraic convention, where the most positive limit is designated maximum, is used with 
Logic Level Input Voltage Levels only. 
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MC75S110 


ELECTRICAL CHARACTERISTICS (Vcc = 4.75 to 5.25 V, Veg = —4.75 to —5.25 V, Ta = 0 to +70°C unless otherwise noted.) 


Characteristic # # | Symbol | 


High-Level Input Current to 1A, 1B, 2A or 2B 
(Voc = Max, VEE = Max, Vin) = 2.4 V)# 
(Vcc = Max, Vee = Max, ViH; = Voc Max) 


Low-Level Input Current to 1A, 1B, 2A or 2B 
(Voc = Max, VEE = Max, Vi_, = 0.4 V) 


High-Level Input Current into 1C or 2C 
(Vcc = Max, VEE = Max, ViH; = 2.4 V) 
(Voc = Max, VEE = Max, ViH; = Vcc Max) 


Low-Level Input Current into 1C or 2C 
(Vcc = Max, Vee = Max, ViL; = 0.4 V) 


High-Level Input Current into D 
(Vcc = Max, VEE = Max, VIH; = 2.4 V) 
(Vcc = Max, Vege = Max, ViH; = Voc Max) 


Low-Level Input Current into D 
(Vcc = Max, Vee = Max, VIL, = 0.4 V) 


Output Current (“on” state) 
(Vcc = Max, VEE = Max) 
(Vcc = Min, Veg = Min) 


Output Current (‘‘off” state) 


Supply Current from Vcc (with driver enabled) ICC(on) 
Supply Current from Veg (with driver enabled) 
(Vit_ = 9.4 V, ViH; = 2.0 V) 


Supply Current from Vcc (with driver inhibited) 
(Vity = 0.4, Vity = 0.4 V) 


Supply Current from Veg (with driver inhibited) 
(Vity = 0.4 V, VIL; = 0.4 V) 


#Values are at Vcc = +5.0V, Veg = —5.0V. 
##For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions. 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Veg = -5.0 V, Ta = +25°C.) 


Propagation Delay Time from Logic Input A or B to 
Output Y or Z (R,_ = SO ohms, Cy = 40 pF) 


Propagation Delay Time from Inhibitor Input C or D 
to Output Y or Z (R_ = 50 ohms, Cy = 40 pF) 
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MC75$110 


TEST CIRCUITS 


FIGURE 1 — li, iL 


OUTPUTS 


TEST AT ANY ALL LOGIC INHIBITOR INPUTS OUTPUT OUTPUT 
INHIBITOR INPUT INPUTS NOT UNDER TEST 1Y or 2Y¥ 12 or 22 


a 


OUTPUTS 


Arrows indicate actual direction 
= of current flow. 


TEST 
Ground all output pins 
not under test. 


at Output 
1Y or 2Y 


at Output v Vv V F 
1Z or 22 i a i 
1H 


at Output 

'O (off) 1Y or 2 i VI 
at Output 

lO (off) 1Z or 22 

\ at Output 

O(off) lay 2y¥, 1Z, or 22 
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MC75S110 


TEST CIRCUITS 


FIGURE 3 — Icc¢ and IEE 


TEST TABLE 


ALL INHIBITOR | 
INPUTS 


Vcc VEE 


LOGIC 
INPUT 


50 
+ al 890 
OUTPUT 
Y 
Generator Dl R 
#1 L CL 
| 50 we pF 
Pulse | 
Generator | OUTPUT 
#2 3 | 2 
db {4 Ru 
TO OTHER Ci. 
INHIBITOR 50 F 
INPUT (05 LY CHANNEL Se . 
50 = = 
GND 
LOGIC 3V 
INPUT 
A or B 
OV 
Vv 
INHIBIT : 
INPUT 
CorD OV 
tPLH(L) tTPLH(IN) TPHL(IN) 
TPHL(L) 
— off 
OUTPUT 
Y 
on 
—_—<— — <_< off 
OUTPUT 
z 
on 
tPHL(L) 


TPLH(L) 


NOTES: 1. The pulse generators have the following characteristics: 79 = 50 22, t, = t¢ = 10 +5 ns, thy = 500 ns, PRR = 1 MeHz, 
tp2 = ms, PRR = 500 kHz. 
2. Cy includes probe and jig capacitance. 
3. For simplicity, only one channel and the inhibitor connections are shown. 
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| MC1411 = (uin20014) 
MC1412 = (uLN2002A) 
MC1413 = (utn2003) 

MC1416 = (ULN2004a) 


MOTOROLA 


HIGH-VOLTAGE, HIGH-CURRENT 
PERIPHERAL 

DARLINGTON TRANSISTOR ARRAYS DRIVER ARRAYS 

The seven NPN Darlington-connected transistors in these arrays 
are well suited for driving lamps, relays, or printer hammers in SILICON MONOLITHIC 
a variety of industrial and consumer applications. Their high - INTEGRATED CIRCUITS 
breakdown voltage and internal suppression diodes insure free- 
dom from problems associated with inductive loads. Peak inrush 
currents to 600 mA permit them to drive incandescent lamps. 

The MC1411 device is a general-purpose array for use with DTL, 
TTL, PMOS, or CMOS Logic. The MC1412 contains a zener diode 
and resistor in series with the input to limit input current for use 
with 14 to 25 Volt PMOS Logic. The MC1413 with a 2.7 kQ series 
input resistor is well suited for systems utilizing 5 Volt TTL or 
CMOS Logic. The MC1416 uses a series 10.5 kQ resistor and is 
useful in 8-18 Volt MOS systems. 

P SUFFIX 

PLASTIC PACKAGE 

CASE 648-05 


MAXIMUM RATINGS (Ta, = 25°C and rating apply to any one device in the 
package unless otherwise noted.) 


Input Voltage (Except MC1411) 
Collector Current — Continuous Ic 
A 
Ty 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


PIN CONNECTIONS 


Base Current — Continuous 


Operating Ambient Temperature Range | te | oro r85 


v ed 
i fee] 
Storage Temperature Range -55 to +150 Re en 


V 
V 
mA 
° 

C 
° 

Cc 

[unation Tempers PY 


Maximum Package Power Dissipation (See Thermal Information Section) 
*Higher voltage selection available. See your local representative. 


DEVICE CROSS-REFERENCE LISTING 
9665 — SN75476* — ULN2001A — order MC1411P 
9666 — SN75477 — ULN2002A — order MC1412P 
9667 — SN75478 — ULN2003A — order MC1413P 
9668 _ ULN2004A — order MC1416P 


*Similar 
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MC1411, MC1412, MC1413, MC1416 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic | Symbol 


Output Leakage Current ICEX 


(*VQ = 50V, Ta = +70°C) All Types 
(*Vo = 50V, Ta = +25°C) All Types 
(*Vo = 50V, Ta = +70°C, V; MC1412 
(*Vo = 50V, Ta = +70°C, Vj = MC1416 
Collector-Emitter Saturation Voltage VCE(sat) 
(ic = 350 mA, Ip = 500 »A) All Types 
(ic = 200 mA, Ip = 350 4A) All Types 
(V; = 5.0 V) MC1416 
= 12 V) MC1416 
Vi(on) 
2.0 V, Ic = 300 mA) MC1412 
VcE = 2.0 V, I¢ = 200 mA) MC1413 
VcE = 2.0 V, Ic = 250 mA) MC1413 
VcE = 2.0 V, Ic = 300 mA) MC1413 
VcE = 2.0 V, Ic = 125 mA) MC1416 
VcE = 2.0 V, I¢ = 200 mA) MC1416 
VcE = 2.0 V, Ic = 275 mA) MC1416 
CE = 2.0 V, Ic = 350 mA) MC1416 
Input Current — Off Condition All Types Ii(off) 
(Ic = 500 vA, Ta = +70°C) 
DC Current Gain MC1411 h 
(VcE = 2.0 V, Ic = 350 mA) 
| Input Capacitance Fg 
Turn-On Delay Time 
(50% E; to 50% EQ) 
t 


(Ic = 100 mA, Ig = 250 wA) All Types 
FE 
C| 
Turn-Off Delay Time off 
(50% E| to 50% Eo) 
VF 


i 


II 


i il 


5 


. 


(=) 
No 
ol 


Input Current — On Condition 
(Vj = 17 V) MC1412 
Clamp Diode Leakage Current Ta = +25°C 
(VR = 50 V) Ta = +70°C 
Clamp Diode Forward Voltage 
(IF 350 mA) 


(Vj = 3.85 V) MC1413 
*Higher voltage selections available, contact your local representative. 


TYPICAL PERFORMANCE CURVES — Ta = 25°C 
FIGURE 1 — OUTPUT CURRENT versus INPUT VOLTAGE FIGURE 2 — OUTPUT CURRENT versus INPUT CURRENT 


7 i ase 
za 


w 
oO 
o 


_ 
Oo 
[=] 


lg, OUTPUT CURRENT (mA) 
Ig, QUTPUT CURRENT (mA) 
NO 
Oo 
i=] 


0 


3.0 40 50° 8.0 


: ; 0 4 12 0 50 100 150 200 250 300 350 400 
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MC1411, MC1412, MC1413, MC1416 


TYPICAL CHARACTERISTIC CURVES — Ta = 25°C (continued) 


FIGURE 3 — TYPICAL OUTPUT CHARACTERISTICS FIGURE 4 — INPUT CHARACTERISTICS — MC1412 
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FIGURE 6 — INPUT CHARACTERISTICS — MC1416 
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NUMBER OF DRIVERS USED 


MC1411, MC1412, MC1413, MC1416 


REPRESENTATIVE CIRCUIT SCHEMATICS 


1/7 MC1411 1/7 MC1412 
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Supply Voltage Vcc 


(AA) MOTOROLA 


DUAL PERIPHERAL 
POSITIVE “NAND” DRIVER 


DUAL PERIPHERAL-HIGH-VOLTAGE 


INTEGRATED CIRCUITS 


mn 


U SUFFIX P1 SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 693-02 CASE 626-04 


The dual driver consists of a pair of PNP-buffered AND gates 
connected to the bases of a pair of high-voltage NPN transistors. 
They are similar to the MC75452 drivers but with the added advan- 
tages of: 1) 70 Volt capability 2) output suppression diodes and 
3) PNP buffered inputs for MOS compatibility. These features make 


the MC1472 ideal for mating MOS logic or microprocessors to 
lamps, relays, printer hammers and incandescent displays. 


300 mA Output Capability (each transistor) 

70 Vdc Breakdown Voltage 

Internal Output Clamp Diodes 

Low Input Loading for MOS Compatibility (PNP buffered) 


CROSS REFERENCE 
UDN-5712 — SN75475 — MC1472 


MAXIMUM RATINGS (Ta = 25°C, Note 1). 


a ee | 
[input Vonage SSCS 
[output vores ———SSSSCS~C~—C~‘iS 
[cme Vorwse SSSS~sSS 


Operating Junction Temperature %¢ 
Ceramic Package 
Plastic Package 


Positive Logic: Y=AB* 


Storage Temperature Range TRUTH TABLE 
Note 1: ‘Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the device should H (“OFF” STATE) 
be operated at these limits. The ‘Table of Electrical Characteristics” pro- H (“OFF” STATE) 
vide nditions for | device ion. 
s conditions for actual device operation H OFF” STATE) 


L. (’ON' STATE) 


H = Logic One 
L = Logic Zero 


‘ Temperature 


mc1472U | = — | oto +70°C | Ceramic DIP 
Mc1472P1{_  — —_| Oto +70°C | Plastic DIP 


RECOMMENDED OPERATING CONDITIONS 


Rating Symbol 


Clamp Voitage 
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MC1472 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted min/max limits apply across the 0°C to 70°C temperature range 
with 4.5 V < Vcc < 5.5 V. All typical values are for Ta = 25°C, Vcc = 5.0 Volts.) 


Input Voltage — High Logic State 
Input Voltage — Low Logic State 


Input Current — Low Logic State 
(Vip = 0.4 V) 
A Input 
B Input 


Input Current — High Logic State 
(Vi = 2.4 V) 
A Inp ut 
B Input 
(Vin = 5.5 V) 
A Input 
B Input 


Input Clamp Voltage 
(icc = —12 mA) 


Output Leakage Current — High Logic State 
(Vo = 70 V, See Test Figure) 


Output Voltage — Low Logic State 
(lol = 100 mA) 
(lo = 300 mA) 


Output Clamp Diode Leakage Current 
(Vc = 70 V, See Test Figure) 
Output Clamp Forward Voltage 
(IFc = 300 mA, See Test Figure) 


Power Supply Current 
(All Inputs at Viy) 
(All Inputs at Vj,) 


NOTE: All currents into device pins are shown as positive, out of device pins as negative. All voltages referenced to ground unless dtherwise 
noted. 


SWITCHING CHARACTERISTICS Vcc = 5.0V, Ta = 25°C 


Propagation Delay Time 
Output High to Low 


Output Low to High 


Output Transition Time 
Output High to Low 
Output Low to High 
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MC1472 


TEST CIRCUITS 


Vin & Vie! 
Per Truth Table 


VOH 


SWITCHING TEST CIRCUIT AND WAVEFORM 


+50 V To Scope 
(Output) 


To. 
Scope 
(Input) 


30 pF 
Includes Probe 
and Stray 


Pulse 
Generator 


VOH 
OUTPUT 


VOL 
TTHL 
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(AA) MOTOROLA MC1488 


QUAD MDTL LINE DRIVER 


RS-232C 
QUAD LINE DRIVER SILICON MONOLITHIC 


INTEGRATED CIRCUIT 
The MC1488 is a monolithic quad line driver designed to inter- 


face data terminal equipment with data communications equipment 
in conformance with the specifications of EIA Standard No. RS-232C. 


Features: 


@ Current Limited Output 
£10 mA typ 


Power-Off Source Impedance © 
300 Ohms min L SUFFIX P SUFFIX 
@ Simple Slew Rate Control with External Capacitor CERAMIC PACKAGE _—— PLASTIC PACKAGE 


@ Flexible Operating Supply Range eae CASE 646-05 


Compatible with All Motorola MDTL and MTTL Logic Families 


PIN CONNECTIONS 


TYPICAL APPLICATION 


LINE DRIVER INTERCONNECTING LINE RECEIVER 
MC 1488 CABLE MC1489 


+--, Pres 
s p- 


ig ESE Ao 


INTERCONNECTING | 


MDTL LOGIC INPUT CABLE  —S=—}—— MDTL LOGIC OUTPUT 


CIRCUIT SCHEMATIC 
(1/4 OF CIRCUIT SHOWN) 


“Vec 14.0 
PINS 4,9, 120R 2 
INPUT 


INPUT 
PINS 5, 10, 13 


OUTPUT 
PINS 6,8, 11 OR 3 
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MC1488 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


OB 


VEE -15 


Input Voltage Range -15< Vin <7.0 Vde 
Output Signal Voltage +15 | Vdc 


Power Derating (Package Limitation, Ceramicand Plastic Dual-In-Line Package) 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 


|Storage Temperature Range: 


Figure 


Input Current — Low Logic State (Vj, = 0) 


Symbol 


He 
Input Current — High Logic State (Vjj = 5.0 V) lhe 
Output Voltage — High Logic State VOH 


(Vi_ = 0.8 Vde, Rp = 3.0k2, Voc = +9.0 Vde, Veg = -9.0 Vdc) 


(Vit = 0.8 Vdc, RL = 3.0 kQ, Vec = +13.2 Vde, Veg = -13.2 Vdc) 


Output Voltage — Low Logic State 
(Viy = 1.9 Vde, RL = 3.0k2, Voc = +9.0 Vde, VEE = -9.0 Vdc) 


(Vi = 1.9 Vde, R= 3.0 k2, Veg = +13.2 Vde, Veg = -13.2 Vdc) 


Positive Output Short-Circuit Current (1) 


Negative Output Short-Circuit Current (1) 


Output Resistance (Vcc = Veg =0,| VO] =+2.0V). 


Positive Supply Current (Ry = co) 
(Vip = 1.9 Vde, Vcc = +9.0 Vdc) 


(Vi = 0.8 Vdc, Vec = +9.0 Vdc) 
(Vip = 1.9 Vdc, Voc = +12 Vdc) 
(Vi_ = 0.8 Vde, Veco = +12 Vde) 
(Vi = 1.9 Vde, Voc = +15 Vde) 
(Vy_ = 0.8 Vdc, Voc = +15 Vde) 


Negative Supply Current (Ry = 0 
(Vi = 1.9 Vde, Veg = -9.0 Vdc) 
(Vi_ = 0.8 Vdc, Veg = -9.0 Vdc) 

(Viy = 1.9 Vde, Veg = -12 Vdc) 

(Vi_ = 0.8 Vde, Veg = -12 Vdc) 

(Vin = 1.9 Vde, Veg = -15 Vde) 

(Vi_ = 0.8 Vdc, Veg = -15 Vdc) 


Power Consumption 
‘(Vcc = 9.0 Vde, Veg = -9.0 Vdc) 
'(Vec = 12 Vde, Veg = -12 Vde) 


Propagation Delay Time (z; = 3.0 k and 15 pF) 


Fall Time (z; = 3.0 k and 15 pF) 
Propagation Delay Time (z; = 3.0 k and 15 pF) 
Rise Time (z} = 3.0 k and 15 pF) 


(1) Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously. 
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MC1488 


CHARACTERISTIC DEFINITIONS 


FIGURE 1 — INPUT CURRENT FIGURE 2 — OUTPUT VOLTAGE 
+9V «-3V +9V =-9V 


cn i ee 


NL Th 


+6 V 


\|+o 


FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT 


Vcc VEE 


Vo 
+2 Vdc 


+6.6 mA Max 


FIGURE 5 — POWER-SUPPLY CURRENTS FIGURE 6 — SWITCHING RESPONSE 


Cin Vo 


tTHL and tTLH Measured 10% to 90% 
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Mc1488 


. TYPICAL CHARACTERISTICS 
| (Ta = +25°C unless otherwise noted.) 


| FIGURE 7 — TRANSFER CHARACTERISTICS FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT 
| versus POWER-SUPPLY VOLTAGE versus TEMPERATURE 
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Vg, OUTPUT VOLTAGE (VOLTS) 
Isc, SHORT-CIRCUIT OUTPUT CURRENT (mA) 


-3.0 
-6.0 
-9.0 
-12 
0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 18 2.0 -65 0 +25 +75 +125 
Vin, INPUT VOLTAGE (VOLTS) T, TEMPERATURE (°C) 


FIGURE 10 — OUTPUT VOLTAGE 
| | FIGURE 9 — OUTPUT SLEW RATE versus LOAD CAPACITANCE AND CURRENT-LIMITING CHARACTERISTICS 
| 1000 


Sill 
is 


h ili 
r imma 


Saabs ES Eas a ab a a SEE EEE ES EE ASO GE GEES ED GD DS1GEEEED GEE oD aoe 


=e ati ——— 
mei © cme eB rT 1a 


naaae zi 
a 


Uy (ae 


SLEW RATE (VOLTS/us) 
lo, OUTPUT CURRENT (mA) 


1.0 100 1,000 10,000 -16 312 -8.0 -4.0 0 +4.0 +8.0 +12 +16 
CL, CAPACITANCE (pF) Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 11 — MAXIMUM OPERATING TEMPERATURE 
versus POWE R-SUPPLY VOLTAGE 


Vcc. VEE, POWER SUPPLY VOLTAGE (VOLTS) 


T, TEMPERATURE (°C) 
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MC1488 


APPLICATIONS INFORMATION 


The Electronic Industries Association (EIA) RS232C specification 
detail the requirements for the interface between data processing 
equipment and data communications equipment. This standard 
specifies not only the number and type of interface leads, but also the 
voltage levels to be used. The MC1488 quad driver and its companion 
circuit, the MC1489 quad receiver, provide a complete interface system 
between DTL or TTL logic levels and the RS232C defined levels. The 
RS232C requirements as applied to drivers are discussed herein. 


The required driver voltages are defined as between 5 and 15- 
volts in magnitude and are positive for a logic ‘‘O’’ and negative for 
a logic ‘‘1'’. These voitages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets 
this voltage requirement by converting a DTL/TTL logic level into 
RS232C levels with one stage of inversion. 


The RS232C specification further requires that during transi- 


tions, the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rate of the MC1488 is much too 


FIGURE 12 — SLEW RATE versus CAPACITANCE 
FOR Isc = 10 mA 
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C, CAPACITANCE (pF) 


fast for this requirement. The current limited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = log x AT/AV from which Figure 12 ts 
derived. Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

The interface driver is also required to withstand an accidental 
short to any other conductor in an interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15-volt, 500-mA source. The MC 1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the power-supply voltages are greater than 9.0 volts (i.e., 
Vcc >9.0 V; VEE<-9.0 V). In some power-supply designs, a loss 
of system power causes a low impedance on the power-supply out- 
puts. When this occurs, a low impedance to ground would exist at 
the power inputs to the MC 1488 effectively shorting the 300-ohm 

‘output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation in these resistors 


FIGURE 13 — POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 
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would be excessive. Therefore, if the system is designed to permit 
low impedances to ground at the power-supplies of the drivers, a 
diode should be placed in each power-supply lead to prevent over- 
heating in this fault condition. These two diodes, as shown in 
Figure 13, could be used to decouple all the driver packages ina 
system. (These same diodes will allow the MC1488 to withstand 
momentary shorts to the +25-volt limits specified in the earlier 
Standard RS232B.) The addition of the diodes also permits the 
MC1488 to withstand faults with power-supplies of less than the 
9.0 volts stated above. 

The maximum short-circuit current allowable under fault con- 
ditions is more than guaranteed by the previously mentioned 
10 mA output current limiting. 


Other Applications 


The MC1488 is an extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility: 

1. Output Current Limiting — this enables the circuit designer 
to define the output voltage levels independent of power-supplies 
and can be accomplished by diode clamping of the output pins. 
Figure 14 shows the MC1488 used as a DTL to MOS translator 
where the high-level voltage output is clamped one diode above 
ground. The resistor divider shown is used to reduce the output 
voltage below the 300 mV above ground MOS input level limit. 


2. Power-Supply Range — as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match- 
ing power-supplies. In fact, the positive supply can vary from a 
minimum seven volts (required for driving the negative pulldown 
section) to the maximum specified 15 volts. The negative supply 
can vary from approximately -2.5 volts to the minimum specified 
-15 volts. The MC1488 will drive the output to within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-limiting and 
supply-voltage features allow a wide combination of possible out- 
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C lines, the remainder could 
be used for DTL to MOS or even DTL to DTL transtation. Figure 15 
shows one such combination. 


canara Pte SS iP Si SSS 
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| MC1488 | 


FIGURE 14 — MOTL/MTTL-TO-MOS TRANSLATOR FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS 
+12 V 
MRTL OUTPUT 
-0.7Vto+3.7 V 
1/4 MC1488 

MDTL 

MTTL Neaeah allem MOTL OUTPUT: 

INPUT SS * 


-0.7 V to +5.7 V 


MHTL OUTPUT 
-0.7 V to 10V 


-12V -12V 


MOS OUTPUT 
-10VtoO0V 


-12V +12 V 
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MC1489 
MOTOROLA MC1489A 


QUAD MDTL 
LINE RECEIVERS 
RS-232C 


QUAD LINE RECEIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC1489 monolithic quad line receivers are designed to inter- 
face data terminal equipment with data communications equipment 
in conformance with the specifications of ELA Standard No. RS$-232C. 


Input Resistance — 3.0 k to 7.0 kilohms 
Input Signal Range — + 30 Volts 
Input Threshold Hysteresis Built In 


Response Control 
a) Logic Threshold Shifting 
b) Input Noise Filtering 
L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632-02 CASE 646-05 
MO-001AA 


TYPICAL APPLICATION 


Response 
LINE DRIVER ; LINE RECEIVER ControlA 


MC 1488 INTERCONNECTING MC 1489 Guru . Response 


Control D 


ef Sx CABLE E goa 
= p- 


ae SNE 4 __?7 


| | Response 


| | Control C 
INTERCONNECTING 


MOTL LOGIC INPUT —ef—e— CABLE 9—™>{<—— MDTL LOGIC OUTPUT 


EQUIVALENT CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN) 


RESPONSE CONTROL 2 O O 30UTPUT 


6.7 kQ. 1.6 kO O 7GROUND 
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MC1489, MC1489A 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


input Voltage Range 
Output Load Current 


ower Dissipation (Package Limitation, Ceramic and Plastic Dual In-Line 
| Package) 1000 
| Derate above Tp = +25°C 


+30 
20 
6.7 
0 
Storage Temperature Range -65 to +175 


ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Vcc = +5.0 Vdc +10%, Ta = 0 to +75°C unless 
otherwise noted) 


Characteristics 
Positive Input Current (Vi = +25 Vdc) NH 3.6 8.3 mA 
(Vi = +3.0 Vdc) 0.43 _— 
Negative Input Current (Vip = —25 Vdc) NL —3.6 : 
(Vit = —3.0 Vdc) — 0.43 


Input Turn-On Threshold Voltage 
(Ta = +25°C, VoL = 0.45 V) 


MC1489 
MC1489A 


Input Turn-Off Threshold Voltage 
(TA = +25°C, Von = 2.5 V, IL = —0.5 mA) MC1489 
MC1489A 


(ViH = 0.75 V, IL = —0.5 mA) 
(Input Open Circuit, |_| = —0.5 mA) 


Output Voltage Low (Vi = 3.0 V, IL = 10 mA) / Vor | — | 02 | 045 | Vdc | 
Output Short-Circuit Current | ions | — | -30 | -40 | ma | 
Power Supply Current (All Gates ‘’on,” Ioyt = 0 MA, Vi = +5.0 Vdc) lee ieee E98 ch 6 ma | 
Power Consumption ; (ViH = +5.0 Vdc) | Po =| — | 80 | 130 | mw | 
SWITCHING CHARACTERISTICS (Vcc = 5.0 Vdc +1%, Ta = +25°C, See Figure 1.) 

Propagation Delay Time (RE = 3.9 kQ) | teu | — | 2 | 88 | ons | 
Propagation Delay Time (Ri = 390 kQ) | tee | — | 2 | 50 | ns | 


TEST CIRCUITS 


Output Voltage High 


FIGURE 1 — SWITCHING RESPONSE FIGURE 2 — RESPONSE CONTROL NODE 


+5 Vdc 


= VR 


All diodes 
1N3064 
or equiv 


Ein Eg 
jon i 
1/4 RESPONSE NODE 
MC1489A 
tTLH and tTHL Vin VO 
measured 
10% - 90% 


C, capacitor is for noise filtering. 
R, resistor is for threshold shifting. 


CL = 15 pF = total parasitic capacitance, which includes 
probe and wiring capacitances 
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MC1489, MC1489A 


TYPICAL CHARACTERISTICS 


5.0 Vde, Ta = +25°C unless otherwise noted) 


(Vcc 


FIGURE 3 — INPUT CURRENT 


FIGURE 4 — MC1489 INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 
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Vj, INPUT VOLTAGE (VOLTS) 


Vin, INPUT VOLTAGE (VOLTS) 


FIGURE 6 — INPUT THRESHOLD VOLTAGE 
versus TEMPERATURE 


FIGURE 5 — MC1489A INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 
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V|, INPUT VOLTAGE (VOLTS) 


FIGURE 7 — INPUT THRESHOLD versus 
POWER-SUPPLY VOLTAGE 
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Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
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MC1489, MC1489A 


Ein, AMPLITUDE (VOLTS) 


APPLICATIONS INFORMATION 


General Information 


The Electronic Industries Association (EIA) has released 
the RS-232C specification detailing the requirements for 
the interface between data processing equipment and 
data communications equipment. This standard speci- 
fies not only the number and type of interface leads, 
but also the voltage levels to be used. The MC1488 quad 
driver and its companion circuit, the MC1489 quad re- 
ceiver, provide a complete interface system between 
DTL or TTL logic levels and the RS-232C defined levels. 
The RS-232C requirements as applied to receivers are 
discussed herein. 

The required input impedance is defined as between 
3000 ohms and 7000 ohms for input voltages between 
3.0 and 25 volts in magnitude; and any voltage on the 
receiver input in an open circuit condition must be less 
than 2.0 volts in magnitude. The MC1489 circuits meet 
these requirements with a maximum open circuit volt- 
age of one Vpr. 

The receiver shall detect a voltage between — 3.0 and 
— 25 volts as a Logic ‘1’ and inputs between +3.0 and 
+25 volts as a Logic “0.” On some interchange leads, 
an open circuit of power ““OFF” condition (300 ohms or 
more to ground) shall be decoded as an “OFF” condition 
or Logic ‘1."" For this reason, the input hysteresis 


thresholds of the MC1489 circuits are all above ground. 


Thus an open or grounded input will cause the same 
output as a negative or Logic “1” input. 


Device Characteristics 


The MC1489 interface receivers have internal feedback 
from the second stage to the input stage providing input 


FIGURE 8 — TYPICAL TURN-ON THRESHOLD versus 


CAPACITANCE FROM RESPONSE CONTROL PIN TO GND | 


MC1489 


1000 
PW, INPUT PULSE WIDTH (ns) 


Ein, AMPLITUDE (VOLTS) 


10,000 


hysteresis for noise rejection. The MC1489 input has 
typical turn-on voltage of 1.25 volts and turn-off of 1.0 
volt for a typical hysteresis of 250 mV. The MC1489A 
has typical turn-on of 1.95 volts and turn-off of 0.8 volt 
for typically 1.15 volts of hysteresis. 

Each receiver section has an external response con- 
trol node in addition to the input and output pins, 
thereby allowing the designer to vary the input thresh- 
old voltage levels. A resistor can be connected between 
this node and an external power-supply. Figures 2, 4 
and 5 illustrate the input threshold voltage shift possible 
through this technique. 

This response node can also be used for the filtering 
of high-frequency, high-energy noise pulses. Figures 8 
and 9 show typical noise-pulse rejection for external 
capacitors of various sizes. 

These two operations on the response node can be 
combined or used individually for many combinations 
of interfacing applications. The MC1489 circuits are par- 
ticularly useful for interfacing between MOS circuits and 
MDTL/MTTL logic systems. In this application, the input 
threshold voltages are adjusted (with the appropriate 
supply and resistor values) to fall in the center of the 
MOS voltage logic levels. (See Figure 10) 

The response node may also be used as the receiver 
input as long as the designer realizes that he may not 
drive this node with a low impedance source to a volt- 
age greater than one diode above ground or less than 
one diode below ground. This feature is demonstrated 
in Figure 11 where two receivers are slaved to the same 
line that must still meet the RS-232C impedance 
requirement. 


FIGURE 9 — TYPICAL TURN-ON THRESHOLD versus 
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND 
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MC1489, MC1489A 


APPLICATIONS INFORMATION (continued) 


FIGURE 10 — TYPICAL TRANSLATOR APPLICATION — 
MOS TO DTL OR TTL 
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FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C 
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; PI rr, 7 
RESPONSE-CONTROL PIN | nacre | 
| ; OUTPUT 
INPUT 8k ; 0 
e | 
| ae | 
| | 
e 
l | 
| | 
| | 
| = | 
Vcc o— | 
| | 
| | 
| | OUTPUT 
8k O 
INPUT | | 
| 
| | 
| 
l 
| | 
| 
| | 
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MC3242A (MA) MOTOROLA 


MEMORY ADDRESS 


| MEMORY ADDRESS MULTIPLEXER MULTIPLEXER 
| FOR 16K RAMs AND REFRESH 
ADDRESS COUNTER 
The Motorola MC3242A is an address multiplexer and refresh 
counter for 16-pin 16K dynamic RAMs that require a 128-cycle SCHOTTKY 
refresh. It multiplexes fourteen system address bits to the seven SILICON MONOLITHIC 


address pins of the memory device. The MC3242A also contains INTEGRATED CIRCUITS 
a 7-bit refresh counter that is clocked externally to generate the 
128 sequential addresses required for refresh. The high performance 
of the MC3242A will enhance the high speed of the N-channel 
RAMs such as the MCM4116. 


; ae . ; L SUFFIX 
e : 
Simplifies 16-Pin 16K Dynamic Memory Design CERAMIC PACKAGE 


Reduces Package Count CASE 733-03 
7-Bit Binary Counter for 128 Refresh Address 
Multiplexing: Row Address/Column Address/Refresh Address 
High Input Impedance for Minimum Loading of Bus: 
IF = 0.25 mA Max 
@ Schottky TTL for High Performance Address Input BE rate gee 
to Output Delay — CASE 710-02 
tao = 25 ns @C_ = 250 pF 
@ Second Source to Intel 3242 
(Detect Zero Function Not Included and Additional 
Chip Enable Feature Added at Pin 15) 


LOGIC DIAGRAM 


Note: AO Through A6 Are Row Addresses 
A7 Through A13 Are Column Addresses 


*See Pin Definitions 


TRUTH TABLE AND DEFINITIONS 
Refresh Row 
Enable OuIner 
X Refresh Address 
[2 eemrmaren ecutel) 
(AO through A6) 
(A7 through A13) 


Count — Advances Internal Refresh Counter 


O Output O 


l 


Refresh o 
Enable 


Row oO 
Enable 


| 


Fl 


ORDERING INFORMATION 


. Temperature Range 


Count eo MC3242AL 0 to 75°C Ceramic DIP 
*See Pin Definitions MC3242AP Oto 75°C i Plastic DIP 
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MC3242A 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


“Absolute Maximum Ratings” are those 
values beyond which the safety of the 
device cannot be guaranteed. This is a 
stress rating only and functional opera- 
tion of the device at these or any other 
conditions above those indicated in the 
operational sections of this specification 
is not implied. Exposure to absolute max- 
imum ratings for extended periods may 
affect reliability. 


Junction Temperature 
Ceramic Package 
Plastic Package 


~ ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc < 5.5 V, 0°C < Ta < 75°C; 
typical values apply with Vcc = 5.0 V, Ta = 25°C.) 


Characteristic . 


Input Current, Low Logic State 
(Vit = 0.45 V) 


Input Current, High Logic State NH 
(ViH = 5.5 V) 


Input Voltage, Low Logic State a en ee 


Input Voltage, High Logic State ViH 


Output Voltage, Low Logic State VOL 0.25 
(lo = 5.0 mA) 
Output Voltage, High Logic State VOH 3.0 
(loH = —1.0 mA) 
Input Clamp Voltage . VIK —1.5 
(lik = —12 mA) 
Power Supply Current Icc 
(Vcc = 5.5 V) 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc < 5.5 V, 0°C < Ta < 75°C; 
typical values apply with Vcc = 5.0 V, Ta = 25°C.) 


Characteristic 


Propagation Delay Times 
Address Input to Output 
(Load = 1 TTL, CL = 250 pF) 
(Load = 1 TTL, CL = 15 pF, Vcc = 5.0 V, Ta = 25°C) 


- Row Enable to Output 
(Load = 1 TTL, CL = 250 pF) 


(Load = 1 TTL, CL = 15 pF, Vcc = 5.0 V, Ta = 25°C) 


Refresh Enable to Output 
(Load = 1 TTL, CL = 250 pF) 
(Load = 1 TTL, CL = 15 pF, Vcc = 5.0 V, Ta = 25°C) 


Count Pulse Width 


Counting Frequency 


ee hth SSS PP SS EL 
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MC3242A 


FIGURE 1 — AC WAVEFORMS WITH MCM4116 NORMAL CYCLE 


Row 
Enable 


Address 


Input 
(AQ-A14)- 


é . 
Outputs ; ( 2.4V Column 
(OO~O6) : 0.8 v Address 


Refresh Enable — Low Logic State 


FIGURE 2 — REFRESH CYCLE 


Refresh 
Enable 


V 
Outputs . Refresh 
(00-06) Address 


TYPICAL CHARACTERISTICS 


FIGURE 3 — OUTPUT CURRENT versus FIGURE 4 — PROPAGATION DELAY versus LOAD CAPACITANCE 
OUTPUT LOW VOLTAGE Row or Column Address to Output 
25 
Vec = 5.0 V 
Ta = 259C 


MEASURED 50% to 50% 


OUTPUT CURRENT, Iq, (mA) 
PROPAGATION DELAY TIME, tap (ns) 


OUTPUT VOLTAGE, LOW-LOGIC STATE, Vg, (VOLTS) LOAD CAPACITANCE, C; (pF) 
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MC3242A 


PIN DEFINITIONS 


Count Input — Pin 1 
Active low input increments internal 6-bit counter 
by one for each count pulse in. 


Refresh Enable Input — Pin 2 
Active high input which determines whether the 
MC3242A is in refresh mode (H) or address enable (L). 


AO-A6 Inputs — Pins 9, 5, 7, 21, 23, 27 
Row address inputs. 


A7-A13 Inputs — Pins 10, 6, 8, 20, 22, 24, 26 
Column address inputs. 


00-06 Outputs — Pins 11, 12, 13, 18, 17, 16, 19 
Address outputs to memories. Inverted with respect 
to address inputs. 


Gnd — Pin 14 
Power supply ground. 


CE Input — Pin 15 

Optional use, chip enable control pin. Left open, an 
internal 50 kQ pullup resistor keeps this pin high and the 
MC3242A is a functional replacement for the Intel 3242 
(without detect zero function). As an active input, when 
pulled low, all 3242A outputs go three-state. 


Vcc — Pin 28 

+5 V power supply input. Due to high capacitance 
drive capability, a 0.1 uF capacitor should be used to 
ground along with careful Vcc and Gnd Bus layout. 


GENERAL 16K DYNAMIC RAM 
SIMPLIFIED BLOCK DIAGRAM 


Data Input QO———- 


Address 
Bus 
' AO~A13 


MC3242A 


Refresh 
Enable 


Row 
Enable 


Memory 
Control 


Address 
00-06 


16K 
Dynamic 

RAM 
MCM4116 
or Similar 


16K 
Dynamic 

RAM 
MCM4116 
or Similar 


Output 
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MC3242A 


TYPICAL APPLICATION 
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU 


Note: Numbers in parenthesis indicate 
part types or values for 16K x 1 RAMs 


Power-On Reset 


c 
T x1, X2 


P=OR R 


MPU 
System 
Clock 
MC6875 


MPU 
MC6800 


Crystal 


(4 x MPU f,) T 


Data 
Bus 


Ref 
Grant 


Control 


Bus 
Address 


Bus 


(AO — A13) 


Refresh Address 
t1 Enable Multiplex DE 
and Data 
Refresh Buffer 
t2 Counter MC6880A 
Delay Memory Contre! Row MC3232A AE 
Cikcute £3 and Timing Enable (MC3242A) 
MC3480 


Ref Clk 


O0—- 
(00 — 06) 


Address 
Bus 


Data 
Bus 


Memory 
Array 


MCM4027 
(16K x 8) 
(MCM4116) 
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(AA) MOTOROLA MC3437 


HEX BUS RECEIVER WITH INPUT HYSTERESIS HEX BUS 


RECEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


These high-speed bus receivers are useful in bus organized data 
transmission systems employing terminated 120 Q lines. The receivers 
feature input hysteresis to obtain improved noise immunity. The 
receivers low input current requirement allows up to 27 driver/ 
receiver pairs to share a common bus. A pair of Disable Inputs are 
provided. These Disable Inputs along with the receiver outputs are 
MTTL compatible. . 


16 


| (Top View) 


Built in receiver hysteresis 


Receiver input threshold is not affected by temperature 


e 
@ 
@ Propagation delay time - 20 ns (Typ) 
® 


Direct Replacement for DM8837 


L SUFFIX 
CERAMIC PACKAGE 


FIGURE 1 — TYPICAL APPLICATION CASE 620-02 


+5.0 V +5.0 V 


180 120 2 Data Bus 180 
390 390 
= Ye 1/4 1/4 = 
MC3437 DS8641 DS8641 


To Computer or Peripherals 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


MAXIMUM RATINGS (Ty, = 25°C unless otherwise noted.) 


Symbol 


7.0 d 
5.5 
a 
Derate above 25°C 3.85 mw/°Cc 


MOTOROLA LINEAR/INTERFACE DEVICES 


TRUTH TABLE 


0 = <1.05 V 
1=>2.5V 
H = High Logic State 
L = Low Logic State 


Fees ee ea 
ea a 
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MC3437 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for O< Ta <70°C and 4.75 V< Vcc S5.25 V.) 


Receiver Input Threshold Voltage — High Logic State VILHI(R) 2.25 2.50 V 
(VIL(DA) = 9.8 V, lot = 16 MA, Vo, <0.4 V) 

Receiver Input Threshold Voltage — Low Logic State VIHL(R) 1.05 1.30 1.55 V 
(ViL(DA) = 9.8 V, IOH = -400 HA, Voy 22.4 V) 

Receiver Input Current l(R) HA 
(Vi(R) = 4.0 V, Voc = 5.25 V) 15 
(Vi(R) = 4.0 V, Voc =0V) 1.0 

Disable Input Voltage — High Logic State VIH(DA) 2.0 V 
(Vi(R) = 0.5 V, VoL 0.4 V, IoL = 16 mA) 

Disable Input Voltage — Low Logic State VIL(DA) Vv 
(Vi(R) = 0.5 V, VoH 2 2.4 V, IoH = -400 nA) 


(Vi(R) = 9.5 V, ViL(DA) = 0.8 V, IH = -400 HA) 


Output Voltage — Low Logic State VOL 0.25 AV 
(Vi(R) = 4.0 V, ViIL(DA) = 0.8 V, lo, = 16 mA) 


Disable Input Current — High Logic State 
(VIH(DA) = 2.4 V) 
(VIH(DA) = 5.5 V) 


Disable Input Current — Low Logic State HL(DA) 
(Vi(R) = 4.0 V, ViL (DA) = 0.4 V) 

Output Short Circuit Current 
(Vi(R) = 0.5 V, Vit (DA) = OV, Voc = 5.25 V) 


los 
Power Supply Current lcc 
| 


(Vi(R) = 0.5 V, ViL(DA) = 9 V) 


Input Clamp Diode Voltage V 
(1y(R) =-12 MA, lY(DA) = -12 MA, 


Symbol 


Propagation Delay Time from Receiver Input to tPLH(R) 
High Logic State Output 

Propagation Delay Time from Receiver Input to tPHL(R) 
Low Logic State Output 


Propagation Delay Time from Disable Input to tPLH(DA) 
High Logic State Output 

Propagation Delay Time from Disable Input to tPHL(DA) 
Low Logic State Output 
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MC3437 


FIGURE 2 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


+5.0 V 


To Scope 
(Input) 


1N916 or 
Equiv 


3.0 V 
2.3 V 
Input 
0oV— 
3.0 V [4 
Vv 


1.3V 
Pulse 
Generator Disable 1.5 V 1.5V 
(DA) 
To Scope : 
(Output) (@] 
TPHL(R) 
VOH 
a0 Output "PHL(DA) JteuH (oa) 
Pulse ; 1.5 V 1.5V 1.5V 
Generator VoL ——-—-— 
rad To Scope me 
(Disable) 


FIGURE 3 — TYPICAL HYSTERESIS 
5.0 


SHADED AREA REPRESENTS 
SPECIFIED LIMITS 


PD 40 
3 ee Sar ee a 
© 39 riper || 
a jm? oe 
2 y G7 
eat yi Uy | | | 
LZ U7, || — 
a ZZ NOL 
0 ed DE a ae 


0 1.0 2.0 3.0 4.0 
V1(R), INPUT VOLTAGE (VOLTS) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/6 Shown) 


O Output 


O Disable 
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MC3440A 


MC3441A MOTOROLA 
MC3443A 


QUAD INTERFACE 
BUS TRANSCEIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


QUAD GENERAL-PURPOSE INTERFACE 
BUS (GPIB) TRANSCEIVERS 


The MC3440A, MC3441A, MC3443A are quad bus transceivers 
intended for usage in instruments and programmable calculators 
equipped for interconnection into complete measurement systems. 
These transceivers allow the bidirectional flow of digital data and 
commands between the various instruments. Each of the transceiver - 
versions provides four open-collector drivers and four receivers 
featuring input hysteresis. 

The MC3440A version consists of three drivers controlled by 
a common Enable input and a single driver without an Enable input. 
Terminations are provided in the device. 

The MC3441A differs in that all four drivers are controlled by 
the common Enable input. Again, the terminations are provided. 

The MC3443A is identical to the MC3441A except that the ter- 
minations have been omitted. As such it is pin compatible, and 
functionally equivalent to the SN75138. It does offer the advantage 
of receiver input hysteresis. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


MC3440A 


Output and 
Termination 


| x | Receiver 


Output C 


Output A 


Driver 


@ Receiver Input Hysteresis Provides Excellent Noise Rejection 
@ Open-Collector Driver Outputs Permit Wire-OR Connection 


@ Tailored to Meet the Standards Set by the IEEE and IEC 
Committees on Instrument Interface (488-1978) 


Terminations provided (except MC3443A version) 


Provides Electrical Compatibility with General-Purpose 
Interface Bus 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


Receiver 
Output A 


B Receiver 


Output C 


Driver 
inputA 


Power Dissipation (Package Limitation) 
Derate above 25°C 


Operating Ambient Temperature Range 
Storage Temperature Range 


Instrument 
A 
(with GP1B) 


Receiver 


a Receiver 
Output A 


Output C 


Driver 


Programmable 
Calculator 
(with GPIB) 


Driver 
input B 


Instrument 
B 
(with GPIB) 


’ Receiver 


— T— = Bus 


Termination 
Logic Gnd | = | 


16 Lines Total 
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MC3440A, MC3441A, MC3443A 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted,4.5V < Vcc < 5.5 VandO< Ta < 70°C, typical values are at 
Ta = 25°C, Vcc = 5.0 V) 


a ee gang ae ARIES NTT ET 


DRIVER PORTION 
Input Voltage — High Logic State VIH(D) 
input Voltage — Low Logic State VIL(D) 


nput Current — High Logic State NWH(D) 
(Vip = 2.4 V) 


Input Current — Low Logic State MC3443A 


NL(D 

(Vit = 0.4V, Vcc = 5.0V, Ty = 25°C) MC3440A, 3441A peek 

input Clamp Voltage VikK(D) 
(iy =-12 mA) 

Output Voltage — High Logic State (1) (MC3440A, 3441A only)| VoHip) 
(VIH(E) = 2.4 V or VIL(D) = 0.8 V) 

Input Threshold Voitage — Low to High Output Logic State VILHI(R 
(Vcc = 5.0 V, Ta = 25°C) 


Input Threshold Voltage — High to Low Output Logic State 
(Veco = 5.0 V,T, = 25°C) 


Output Voltage — High Logic State 
(Vit(R) = 0.8 V, IOHIR) = -400 HA) 

Output Voltage — Low Logic State 
(Vin(R) = 2-0 V, loLiR) = 16 mA) 


Output Voltage — Low Logic State 
(VIH(D) = 2.0 V, VIL(E) = 0. 8 V, lIOL(D) = 48 mA) 
(VIH(D) = 2.0 V, VIL(E) = 9.8 V, IoL(D) = 100 mA) 


(Vin(E) = 2.0 V or ViL(p) = 0.8 V) 
RECEIVER PORTION 
input Hysteresis 


Output Short-Circuit Current 
(ViL(R) = 0.8 V) (Only one output may be shorted at a time) 


BUS TERMINATION PORTION (Does not apply to MC3443A) 
= 0.8 V) 


Bus Voltage (Vj_(D) 
(IBUS = -12 mA) 
(No Load) 
Bus Current 

(ViL(p) = 0.8 V, VBus 2 5.0 V) 

(ViL(D) = 08 V. VBuUs < 5-5 V) 
(ViL(D) = 0.8 V, Vagus = 0.5 V) 
(Vec = 0,0 < Veus < 2.75 V) 


(MC3440A, 3441A only) 


TOTAL DEVICE POWER CONSUMPTION 


Power Supply Current 
(Vin(D) = 2.4 V, Vit(e) = OV) 


Ticsaa0a,3441a | MC3443A__ 
Symbol Se ie ae 
DRIVER PORTION 


Propagation Delay Time from Driver Input to Low Logic State Bus Output tPHL(D) Peer ig 30 Ohl dae | oe: 4) hee! 
Propagation Delay Time from Driver Input to High Logic State Bus Output tPLH(D) Pose ae | 30 30 [— [| 17] 25 | ns | 


Propagation Delay Time from Enable Input to Low Logic State Bus Output tPHL(E) aE 
Propagation Delay Time from Enable Input to High Logic State Bus Output tPLH(E [25 [ao [- [21 32 | os | 


RECEIVER PORTION 


Propagation Delay Time from Bus Input to High Logic State Receiver Output tPLH(R) 
Propagation Delay Time from Bus Input to Low Logic State Receiver Output tPHL(R) 


(1) 12 k resistor from the bus terminal to Vcc required on the MC3443A version. 


—_ 
or 
Ww 
oO 
NO 
Le) 
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MC3440A, MC3441A, MC3443A 


GENERAL PURPOSE INTERFACE BUS APPLICATION 


| | INSTRUMENT A INSTRUMENT B 


| nt al }.| J=-——4 FT a 


Di01 D101 


(Always 
| Enabled) | 
E | | ea 


Logic (Typical) 


ee 
| 

ee MC3440A | To Instruments 
| 
ES 


stes SZ 


| MC3440A 


MC3441A DIO7 
, | pios 
| | (Always 
Enabled) | 
E | | E 
DIO7 | 
D108 
| 
MC3441A DAV | |Mcsaaoa 
EOI | 
| (Always 
Enabled) | 
E | (Always | 7 
Enabled) (Always 
| Enabled) | 
SRQ ATN 
DAV IFC 
MC3440A NRED NRED MC3440A 
: | ee a 
= 16 Lines = 
oe ey ee) : Total 
GPIB SIGNALS: 
8 Line Data Bus: DI01 — DIOS 
5 General Interrupt Transfer Contro! Bus: 3 Data Byte Transfer Control Bus 
REN — Remote Enable DAV — Data Valid 
SRQ — Service Request NRFD — Not Ready for Data 
EOI — End or Identify NDAC — Not Data Accepted 
ATN — Attention 16 Total Signal Lines 


!FC — Interface Clear 


eee 
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MC3440A, MC3441A, MC3443A 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 


To Scope 


3.0 Vv ———; (Output) ie gy 


To Scope Receiver 400 
oh (Input) Output 
tPHL(R) : 
Vv 
ae Driver 
Output pa aca 
VOL 


1N916. 
or equiv 


50 Enable 
Input 


Pulse 
Generator 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 


3.0 V 
Driver Input 50% 50% 
Ov 
tPHL(D) 
ToScope 3.0 V +5.0 V To Scope VOH 
(Input) 


(Output) Output 
VoL 


3.0 V 
Enable {nput 
Ov 


50 pF 
| tepLH(E) tPHL(E) 


VOH 
Output 


VOL 


Pulse 
Generator 


Enable 
=r Input 


FIGURE 3 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 


Vo, OUTPUT VOLTAGE (VOLTS) 


Vj, INPUT VOLTAGE (VOLTS) 


ee Ur ss is TS 
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MC3446A MOTOROLA 


QUAD GENERAL-PURPOSE INTERFACE 

BUS (GPIB) TRANSCEIVER _ QUAD INTERFACE 
| BUS TRANSCEIVER 
The MC3446A is a quad bus transceiver intended for usage in SILICON MONOLITHIC 
instruments and programmable calculators equipped for interconnec- INTEGRATED CIRCUIT 

tion into complete measurement systems. This transceiver allows the 

bidirectional flow of digital data and commands between the various 

instruments. The transceiver provides four open-collector drivers and 

four receivers featuring hysteresis. 


@ Tailored to Meet the IEEE Standard 488-1978 (Digital Interface 
for Programmable Instrumentation) and the Proposed IEC 
Standard on Instrument Interface 


Provides Electrical Compatibility with General-Purpose Interface 
Bus (GPIB) 


P SUFFIX 
7 MOS Compatible with High Impedance Inputs PLASTIC PACKAGE 


Driver Output Guaranteed Off During Power Up/Power Down CASE 648-05 
Low Power — Average Power Supply Current = 12 mA 


Terminations Provided 


PIN CONNECTIONS 


TYPICAL MEASUREMENT SYSTEM APPLICATION | 


Receiver 
Output A 


Vcc 


Receiver 
Bus A Output D 


Driver Bus D 
InputA 
Driver 


Enable 
Instrument input D 


A ABC 
(with GPIB) Driver S | Enable D 
| tB 
: a Driver 
Programmable Bus B Input C 
Calculator 
(with GPIB) Receiver Bus C 
Output B 
Receiver 
Instrument Output C 


B 
(with GPIB) 


16 Lines Total — T — = Bus Termination 


renege 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-62 


MC3446A 


MAXIMUM BATINGS (Ta = 25°C unless otherwise noted.) 


Input Voltage 


Driver Output Current a 


Junction Temperature 


Storage Temperature Range -65 to +150 a 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted,4.5V <Vcc <5.5V andO<Ta< 70°C, typical values are at TA 25°C, Veco =5.0V) 


ee ee ee 
DRIVER PORTION 
a A ae Ee IN BT 


Input Current — High Logic State TEH(D) 
(Ving = 2.4 V) 


Input Current — Low Logic State 
(Vit = 0.4 V, Vee = 5.0 V, Ta = 25°C) 
Input Clamp Voltage VIK(D 
(IK = -12 mA) 


Output Voltage — High Logic State (1) VOHID) 
(ViH(S) = 2.4 V or Vip (p) = 2.0 V) 
Output Voltage — Low Logic State VOLID 


(Vit(s) = 0.8 V, ViL(D) = 0.8 V, IoL(D) = 48 MA) 


Input Breakdown Current 11B(D) 
(Vi(p) = 5.5 V) 


RECEIVER PORTION 
Input Hysteresis 


Input Threshold Voltage — High to Low Output Logic State VIHL(R) 


Output Voltage — High Logic State VOH(R) 
(ViH(R) = 2.0 V, |QH(R) = -400 HA) 


Output Voltage — Low Logic State VOL(R) 
(ViL(R) = 0.8V, loL(R) = 8-0 mA) Part 

Output Short-Circuit Current 1OSI(R 
(ViH(R) = 2.0 V) (Only one output may be shorted at a time) 


BUS LOAD CHARACTERISTICS 
Bus Voltage (ViH(E) = 2.4 V) 
(igus = -12 mA) 
Bus Current (ViH(O)= 2-4 V. VBus 25.0 V) 
(ViIH(D) = 2.4 V, Veus = 0.5 V) 
(Veus < 5.5 V) 
(Vec =0,0 V < Veus < 2.75 V) 
TOTAL DEVICE POWER CONSUMPTION 
Power Supply Current 
(All Drivers OFF) 
(All Drivers ON) 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C) 


Characteristic [| symbo! [min [| tye | Max | unit _| 
DRIVER PORTION 


Propagation Delay Time from Driver Input to Low Logic State Bus Output] tpHL(p) 
Propagation Delay Time from Driver Input to High Logic State Bus Output} tpH(p) 
Propagation Delay Time from Enable Input to Low Logic State Bus Output} tpH_(é) 


Propagation Delay Time from Enable Input to High Logic State Bus Output | tpLH(E) le ee 


RECEIVER PORTION 
Propagation Delay Time from Bus Input to High Logic State Receiver Output] tpLH(R) 


Propagation Delay Time from Bus Input to Low Logic State Receiver Output] tpHL(R) 
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MC3446A 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 


To Scope 
(Output) 


3.0 V +5.0 V 


‘Input 50% Ss 
ay To Scope Receiver 1k 
(Input) Output 
tPLH(R) TPHL(R) 

VOH 
Driver 
| ; * 
| Output 15 V Input 15 pF 

VOL 


Pulse 
Generator 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 


To Scope +5.0 V 


(input) To Scope 


(Output) 3.0 Vv 
Driver Input 


or Enable 
Ov 


50% 50% 


Driver 


Input tPLH(D) TPHL(D) 
Pulse VOH 
Generator ‘ Output 
Enable 50 pF VoL 
= Input 
* Includes Probe and Jig Capacitance 
FIGURE 3 — TYPICAL RECEIVER HYSTERESIS FIGURE 4 — TYPICAL BUS LOAD LINE 
CHARACTERISTICS 


Vo, OUTPUT VOLTAGE (VOLTS) 
'guSs, BUS CURRENT (mA) 


-4.0 -2.0 0 2.0 4.0 6.0 
Vj, INPUT VOLTAGE (VOLTS) Veus, BUS VOLTAGE (VOLTS) 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-64 


(AA) MOTOROLA MC3447 


OCTAL BIDIRECTIONAL 
BUS TRANSCEIVER 
WITH 


BIDIRECTIONAL INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 


This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPIB). The required bus termi- 
nation is internally provided. 

Low power consumption has been achieved by trading a minimum 
of speed for low current drain on non-critical channels. A fast 
channel is provided for critical ATN and EOI paths. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of each 
channel is enabled by a Send/Receive input with the disabled output 
of the pair forced to a high impedance state. The receivers have 
input hysteresis to improve noise margin, and their input loading 
follows the bus standard specifications. 


TERMINATION NETWORKS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623-05 


P3 SUFFIX 
PLASTIC PACKAGE 
CASE 724-02 


@ Low Power — Average Power Supply Current = 30 mA Listening 
75 mA Talking 


Eight Driver/Receiver Pairs 

Three-State Outputs 

High Impedance Inputs 

Receiver Hysteresis — 600 mV (Typ) 

Fast Propagation Times — 15-20 ns (Typ) 

TTL Compatible Receiver Outputs 

Single +5 Volt Supply 

Open Collector Driver Output with Terminations 

Power Up/Power Down Protection (No Invalid 
Information Transmitted to Bus) 

No Bus Loading When Power is Removed From Device 

Required Termination Characteristics Provided 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted) 


Input Voltage 
Driver Output Current 
Junction Temperature 


Storage Temperature Range 


TYPICAL MEASUREMENT 
SYSTEM APPLICATION 


Instrument 
A 
(With GPIB) 


Programmable 
Calculator 
(With GPIB) 


Instrument 
B 


(With GP!B) Bus 
- Terminations 


16 Lines Total 
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ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted 4.50 V< Vcc < 5.50 V and 0 < Ty < 70°C; typical values are at Ta = 25°C, Voc = 5.0 V) 


Characteristic —- Note 2 Symbol 
Bus Voltage 


(Bus Pin Open)(Vj(s/R) = 0.8 V) V (Bus) 

(\(Bus) = -12 mA) ViC(Bus) 
Bus Current 

(5.0 V < V(Bus) < 5.5 V) 

(V(Bus) = 0.5 V) 

(Vcc =0V,0V < V(Bus) < 2.75 V) 
Receiver Input Hysteresis 

(Vi(s/R) = 0.8 V) 
Receiver Input Threshold 

(Vi(S/R) = 0.8 V) Low to High 

High to Low 


Receiver Output Voltage — High Logic State 

(Vi(s/R) = 0.8 V, IOH(R) = ~200 HA, V(Bus) = 2.0 V) 
Receiver Output Voltage — Low Logic State 

(Vi(S/R) = 0.8 V, IoL(R) = 4.0 mA, (V (Bus) = 0.8 V 
Receiver Output Short Circuit Current 

(Vi(s/R) = 0.8 V, V(Bus) = 2.0 V) 
Driver Input Voltage — High Logic State 

(Vi(S/R) = 2.0 V) 
Driver Input Voltage — Low Logic State 

(Vi(s/R) = 2.0 V) 
Driver Input Current — Data Pins 

(Vi(S/R) = 2.0 V) 


oO 


(0.5 < Vy(p) < 2.7 V) 
(Vi(p) = 5.5 V) 
Input Current — Send/Receive 
(0.5 < V\(s/R) < 2.7 V) 
(Vi(s/R) = 5.5 V) - 


Driver Input Clamp Voltage 
(Vi(S/R) = 2.0 V, lic(p) = -18 mA) 
Driver Output Voltage — High Logic State. 
(Vis/R) = 2.0 V, Vin(D) = 2.0 V) 
Driver Output Voltage — Low Logic State (Note 1) 
(Vi(s/R) = 2.0 V, ViL(pD) = 98 V, loL(D) = 48 mA) 
Power Supply Current 
(Listening Mode — All Receivers On) 
(Talking Mode — All Drivers On) 


Propagation Delay of Driver 
(Output Low to High) _ tPLH(D) 
(Output High to Low) , tPHL(D) 
Propagation Delay of Receiver (Channels 0 to 5, 7) 
(Output Low to High) tPLH(R) 
(Output High to Low) tPHL(R) 
Propagation Delay of Receiver (Channel 6, Note 3) 
(Output Low to High) tPLH(R) 
(Output High to Low) tPHL(R) 


NOTES: 1. The IEEE 488-1978 Bus Standard changes VoL(p) from 0.4 to 0.5 V maximum to permit the use of Schottky technology. 


2. Specified test conditions for V\(g/R) are 0.8 V (Low) and 2.0 V (High). Where Vj(s/R) is specified as a test condition, V4(S/R) 
uses the opposite logic levels. 

3. In order to meet the IEEE 488-1978 standard for total system delay on the ATN and EOI channels, a fast receiver has been 

- provided on Channel 6 (pins 9 and 16). 
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SWITCHING CHARACTERISTICS (continued) (Vcc = 5.0 V, Ta = 25°C unless otherwise noted) 


Symbol 


Propagation Delay Time — Send/Receiver to Data 
Logic High to Third State tPHZ(R) 
Third State to Logic High tPZH(R) 


Logic Low to Third State tPLZ(R) 

Third State to Logic Low tPZL(R) 
Propagation Delay Time — Send/Receiver to Bus 

Logic Low to Third State tPLZ(D) 

Third State to Logic Low tPZL(D) 


PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) 
To Scope 
(Output) +4+5.9V 


3.0 V 
pes To Scope 
Ov ({nput) 
tPLH(R) tPHL(R) 
| VOH 
Output 1.5V 


VOL 


f= 1.0 MHz 
tr LH = tTHL < 5.0 ns (10-90) 
Duty Cycle = 50% 
*Includes Jig 
Rec and Probe Capacitance 


Pulse 
Generator 


FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER) 


To Scope 
(Input) 


To Scope 
(Output) 3.0 V 


3.0 V 


Driver Input 


or Enable 
OV 


tTPHL(D) 


51 
tPLH(D) 


Pulse 
Generator VOH 
Output 
Cc? 30 pF 
= VOL 
= f= 1.0 MHz > 
*Includes Jig = t =t < 5.0 ns (10-90) 
and Probe Capacitance vee pa wees 
Duty Cycle = 50% 
FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER) 
To Scope 
(Output) 
3.0 V 
Input y 
oO 
— Output ey 

To Scope 51 Low to Open 10% O8sv VOL 

(Input) -———<—<—< OV 

pe | tPLZ(D) + tezL(D) 

Generator 3.0 V f= 1.0 MHz 


Cy = 30 pF (Includes Jig and _ 
t =t = < 5.0 ns (10-90 
Probe Capacitance EES STS ) 
Duty Cycle = 50% 
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 


3.0V an: 
5.0 V neue 


To Scope 
(Output) 


tp 
51 ZH(R) 


1.2k VOH 
Output 
High to Open Ov 
Ss CL ZH Output 5.0 V 
To Scope 600 Low to Open 10% ae Ver 
(Input) ; : re eee V 
: = PLZ(R PZL(R 
2.0V re 
Bie 51, = 15 pF (Includes Jig f= 1.0 MHz 
Generator and Probe Capacitance) tTLH = tTHL = < 5.0 ns (10-90) 
2 Duty Cycle = 50% 
FIGURE 5 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS FIGURE 6 — TYPICAL BUS LOAD LINE 


Vo, OUTPUT VOLTAGE (VOLTS) 
Igys, BUS CURRENT (mA) 


40  =20 0 2.0 4.0 6.0 
V, INPUT VOLTAGE (VOLTS) Veus, BUS VOLTAGE (VOLTS) 


FIGURE 7 — SUGGESTED PRINTED CIRCUIT BOARD LAYOUT USING MC3447s AND MC68488 


MC68488 


< 
O 
io) 


Oo 
O 2 MC3447s 
O 
O 


Device A 
Device B 


000000000000 0 0 0 
! 


DAV 
DAC 
RFD Gnd 


O REN O- =~ — -O 
Jumper or second 
Oo IFC level metal 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-68 


MC3447 


FIGURE 8 — SIMPLE SYSTEM CONFIGURATION 


+5 V 


| 


o103 i= 
! —, 
| 

DIO5 i 


a; 
DIO? 


MC6802 
or 
MC6800 


Address MPU 


e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
1 


> 


| 


ot] 
O 


| ! 


| st! 
| 
SROQ 
| Sd 
cond f= }- +} — 
| a 


MC68488 
GPIA 


IEEE 488-1978 BUS 


See ee eeeee 


of 
= 


DI04 


D106 


o1oe4 {a= F 

I 
ee 

| | anne 


a = 


NOTE 1: Although the MC3447_ transceivers 
are non-inverting, the 488-1978 bus callouts 
appear inverted with respect to the MC68488 
pin designations. This is because the 488-1978 
Standard is defined for negative logic, while all 
M6800 MPU components make use of positive 
logic format. 
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FIGURE 9 — SUGGESTED PIN DESIGNATIONS FOR USE WITH MC68488 


MC68488 MC68488 
Connections MC3447 Pin Designations Connections 


S/R (0) 


Data 0 0 
Data 1 


Data 2 MC68488 
GPIA Instrument 

Data 3 
Data 4 Octal 

GPIB -— 
Data 5 Transceiver 
s MC3447 
S/R (5) (2) 


Data 6 
Data 7 
S/R (6) 


Logic Gnd 
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BIDIRECTIONAL INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 

This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPIB). The required bus 
termination is internally provided. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of each 
channel is enabled by its corresponding Send/Receive input with 
the disabled output of the pair forced to a high impedance state. An 
additional option allows the driver outputs to be operated in an 
open collector(1) or active pull-up configuration. The receivers have 
input hysteresis to improve noise margin, and their input loading 
follows the bus standard specifications. 


Four Independent Driver/Receiver Pairs 
Three-State Outputs 
High Impedance Inputs 
Receiver Hysteresis — 600 mV (Typ) 
Fast Propagation Times — 15-20 ns (Typ) 
TTL Compatible Receiver Outputs 
Single +5 Volt Supply 
Open Collector Driver Output Option(1) 
Power Up/Power Down Protection 
(No Invalid Information Transmitted to Bus) 
@ No Bus Loading When Power Is Removed From Device 
@ Required Termination Characteristics Provided 


(1) Selection of the ‘‘Open Collector” configuration, in fact, selects an open collector device 
with a passive pull-up load/termination which conforms to Figure 7, [IEEE 488-1978 
Bus Standard. 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


m 
oO 
Ot ° 


d 

d 
Junction Temperature ee ae ee ee C 
Cc 
a @ 


| 
—e 


T 
T 
Storage Temperature Range -65 to +150 a eee ot! 


TYPICAL MEASUREMENT 
SYSTEM APPLICATION 
Instrument 
A 
(With GPIB) 


Instrument 
B 
(With GPIB) 


Programmable 
Calculator 
(With GPIB) 


16 Lines Total 


MC3448A 


QUAD THREE-STATE 
BUS TRANSCEIVER WITH 
TERMINATION NETWORKS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


Send/Rec. 
InputA 
Send/Rec. 

Data A 3 | Input D 
Bus A 
Pull-Up 
Enable 
Input A-B 


Enable 


Input C-D 


Send/Rec. 


fe | Input C 


-T- = Bus Termination 


TRUTH TABLE 


ee 
ee 


xX = Don’t Care 
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ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted 4.75 V < Vcc < 5.25 V and 0 < Ty < 70°C; typical values are at Ta = 25°C, Vcc = 5.0 V) 


| Characteristic 


Bus Voltage 
(Bus Pin Open)(Vj(s/R) = 0.8 V) V (Bus) 
(l(BUs) =-12 mA) V1iC(BUS) 
| Bus Current Fi 
(5.0 V < V(gus) < 5.5 V) 
(Vipus) = 0.5 V) 
(Voc =0V,0 V < V(Bus) < 2.75 V) 
Receiver Input Hysteresis - 
(Vi(s/R) = 0.8 V) 
Receiver Input Threshold 
(Vi(s/R) = 0.8 V, Low to High) ViILH(R) | 
(Vi(S/R) = 0.8 V, High to Low) VIHL(R) 
Receiver Output Voltage — High Logic State 
(Vi(s/R) = 9.8 V, IoH(R) = -800 HA, V(Bus) = 2.0 V) 
Receiver Output Voltage — Low: Logic State 
(Vi(S/R) = 0.8 V, loL(R) = 16 MA, V(gus) = 0.8 V) 
Receiver Output Short Circuit Current 
(Vi(S/R) = 0.8 V, V(Bus) = 2.0 V) 
Driver Input Voltage — High Logic State 
(Vi(S/R) = 2.0 V) 
Driver Input Voltage — Low Logic State 
(Vi(s/R) = 2.0 V) 
Driver Input Current — Data Pins 
| (Vi(S/R) = VI(E) = 2.0 V) 
(0.5 < Vi(p) < 2.7 V) 
(V1(p) = 5.5 V) 
Input Current — Send/Receive 
(0.5 < Vi(s/R) < 2.7 V) IW(S/R) 
(Vi(S/R) = 9.5 V) liB(S/R) 
Input Current — Enable 
(0.5 < V\(E) < 2.7 V) 
(Vi(e) = 5.5 V) 


Driver Input Clamp Voltage 
(Vi(sS/R) = 2.0 V, lic(p) = -18 MA) 
Driver Output Voltage — High Logic State 
(Vi(S/R) = 2.0 V, ViH(D) = 2.0 V, ViH(E) = 2.0 V, Ion = -5.2 MA) 
‘Driver Output Voltage — Low Logic State (Note 1) 
(Vi(s/R) = 2.0 V, loL(p) = 48 mA) 
Output Short Circuit Current 
(Vi(S/R) = 2-0 V, VIH(D) = 2.0 V. VIH(E) = 2.0 V) 
Power Supply Current 
(Listening Mode — All Receivers On) 
(Talking Mode — All Drivers On) 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted) 


Propagation Delay of Driver 
(Output Low to High) tPLH(D) 
(Output High to Low) tPHL(D) 


Propagation Delay of Receiver - 
(Output Low to High) tPLH(R) 
(Output High to Low) tPHL(R) 


NOTE 1. A modification of the |EEE 488-1978 Bus Standard changes Vc, (p) from 0.4 to 0.5 V maximum to permit the use of 
_ Schottky technology. 
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SWITCHING CHARACTERISTICS (continued) (Vcc = 5.0 V, Ty = 25°C unless otherwise noted) 


Characteristic 


Propagation Delay Time — Send/Receive to Data 
Logic High to Third State tPHZ(R) 
Third State to Logic High tPZH(R) 
Logic Low to Third State tPLZ(R) 
Third State to Logic Low tPpZ2.(R) 


Propagation Delay Time — Send/Receive to Bus 


Logic High to Third State tPHZ(D) 
Third State to Logic High tPZH(D) 
Logic Low to Third State tPL2Z(D) 
Third State to Logic Low tPZL(D) 


Turn-On Time — Enable to Bus 
Pull-Up Enable to Open Collector tPOFF(E) 
Open Collector to Pull-Up Enable tPON(E) 


PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) 
To Scope 


(Output) 45 90V 
3.0 V 


Input 


To Scope 240 
Ov (Input) 
tPHL(R) 
VOH 
Output 1.5V IN916 
VOL or Equiv. 


f= 1.0 MHz 
tTLH = tTHL < 5.0 ns (10-90) 
Duty Cycle = 50% 


Pulse 
Generator 


*Includes Jig and 
Probe Capacitance 


FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER) 


To Scope 


(eu) To Scope 
i (Output) 2.3 V 
——— 3.0 V 


Driver Input 
or Enable 
38.3 OV 
Pulse tPLH(D) tPHL(D) 
Generator 
VOH 
Output 
Cc, * 30 pF ‘ 
VOL 
; f= 1.0 MHz 
*tncludes Jig — 
Pull-Up Enable = tTLH = tTHL < 5.0 ns (10-90) 


and Probe Capacitance 
Duty Cycle = 50% 


FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER) 


To Scope 
@ZL (Output) Input 


Pull-Up 
Enable Bus 


2L 


tPZH(D) 


ZH High to Open 

13.5 Ig p 
nae: Ov 
To Scope Output ~1.1V 
(Input) 1.1V Low to Open 10% Vv 
Pulse Se a ee ee Ol V 
Generator tPL2Z(D) tPZL(D) 

C; = 15 pF (includes Jig and f=1.0MHz 


Probe Capacitance 


Duty Cycle = 50% 
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 


3.0 V 
5:0 V Input 


To Scope 
3.0 V 


(Output) tPpZH(R) 
280 VOH 
Output 
High to Open Ov 
3k Output . 5.0 V 
To Scope Low to Open 40% 1.5V aa 
(Input) ov 
= = tPLZ(R) [+ tezuir) 
Pulse Ci = 15 pF (Includes Jig f= 1.0 MHz 


Generator and Probe Capacitance) tTLH = tTHL = < 5.0 ns (10-90) 


al. Duty Cycle = 50% 


FIGURE 5 — ENABLE INPUT TO BUS OUTPUT (DRIVER) 


3.0 V j To Scope 
(Output) 


Pull-Up 
Enabie Bus 


Enable Input 


tPON(E) tPOFF(E) 


To Scope 480 


(Input) Output 
=~1.0V 
Pulse = 0 Voc 
Generator Cy. = 15pF (Includes Jig saad f= 1.0 MHz 
and Probe Capacitance tTLH = tTHL = < 5.0 ns (10-90) 


Duty Cycle = 50% 


FIGURE 6 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS FIGURE 7 — TYPICAL BUS LOAD LINE 


Vo, OUTPUT VOLTAGE (VOLTS) 
Igys, BUS CURRENT (mA) 


-4.0 -2.0 0 2.0 : 6.0 
V,, INPUT VOLTAGE (VOLTS) Veus, BUS VOLTAGE (VOLTS) 
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IEEE 488-1975 BUS 


Management 


Bus 


Hand-shake 


z 
0 a) 
> n 
< io) 


Bus 


Data 


| 


DIto4 


DIOS 


| 
ae 
| 
et 


TT 

| | 

eee 

ee 
I 


FIGURE 8 — SIMPLE SYSTEM CONFIGURATION 


+5 V 


|i} | | 4 


PERT 
east! 


MC68488 
GPIA 


Cooper 
fenieectdoehicledelii 


Dg 
e 
: 
: 
D7 
R/W 
MC6802 
AG OR 
: MC6800 
Address ‘ MEY 
: 
e 
e 
e 
° 
A15 
IRQ 


NOTE 1: Although the MC3448A transceivers 
are non-inverting, the 488-1978 bus callouts 
appear inverted with respect to the MC68488 
pin designations. This is because the 488-1978 
Standard is defined for negative logic, while 
all M6800 MPU components make use of 
positive logic format. 


NOTE 2: Unless proper considerations are 
provided, it is recommended that the pull-up 
enable pins on the MC3448As be grounded, 
selecting the open-collector mode. 
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Specifications and Applications 
Information 


QUAD MTTL COMPATIBLE 
LINE RECEIVERS 


The MC3450 features four MC75107 type active pullup line 
receivers with the addition of a common three-state strobe input. 
When the strobe input is at a logic zero, each receiver output state is 
determined by the differential voltage across its respective inputs. 
With the strobe high, the receiver outputs are in the high impedance 
state. 

The MC3452 is the same as the MC3450 except that the outputs 
are open collector which permits the implied ‘“AND” function. 

The strobe input on both devices is buffered to present a strobe 
loading factor of only one for all four receivers and inverted to 
provide best compatability with standard decoder devices. 


@ Receiver Performance Identical to the Popular 
MC75107/MC75108 Series 

@ Four Independent Receivers with Common Strobe Input 

@ Implied “AND” Capability with Open Collector Outputs 

@ Useful asa Quad 1103 type Memory Sense Amplifier 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


1-K WORD 
MOS MEMORY 
1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 


1-K WORD 
-|MOS MEMORY 


1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 


1-K WORD 


MOS MEMORY 


1-K WORD 
MOS MEMORY 
1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 
1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 


1-K WORD 
MOS MEMORY 
200 


DATA BIT OUTPUT #3 


DATA BIT OUTPUT #2 


18k 


200 


DATA BIT OUTPUT #1 


Only four MC3450 devices are required for a 
4-k word by 16-bit memory system. 


, 


Ea 


7-76 


ODATA BIT #4 


ODATA BIT #3 


ODATA BIT #2 


O DATA BIT #1 
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QUAD LINE RECEIVERS 
WITH COMMON THREE-STATE 
STROBE INPUT 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


CONNECTION DIAGRAM 


ee eee 
STROBE | MC3450 | MC3452 
eae a ee 


INPUT 
Vip] 


-25 mV < 
Vip <+25 mV 


L. = Low Logic State 

H = High Logic State 

Z = Third (High Impedance) State 
| = Indeterminate State 


MOTOROLA LINEAR/INTERFACE DEVICES 


MC3450, MC3452 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Common-Mode Input Voltage Range 


Strobe Input Voltage 


Power Dissipation (Package Limitation) 
Ceramic Dual In-Line Package 
Derate above Tq = +25°C 


Plastic Dual In-Line Package 
Derate above Ta = +25°C 


Operating Temperature Range 


Power Supply Voltages 


Output Load Current 

Differential-Mode Input Voltage Range 
Common-Mode Input Voltage Range 

Input Voltage Range (any input to Ground) 


Symbol 


High Level Input Current to Receiver Input NHI) 
Low Level Input Current to Receiver Input NLA) 


High Level Input Current to Strobe Input 1HH(S) 


ae 
Low Level Input Current to Strobe Input 11L(S) 
Vins) = +0.4 V 
| 3 
ae 
Poa 
3s 
as 
a oe 


7 

5 
VIH(S) = +5.25 V 

High Level Output Voltage | VOH | 3 

High Level Output Leakage Current ICEX 3 

Low Level Output Voltage | VoL 3 

Short-Circuit Output Current intloes | 


VOH 

VOL 

los 
Output Disable Leakage Current 
High Logic Level Supply Current from Vcc 'CCH 


High Logic Level Supply Current from Veg fEEH ae 


Low to High Logic Level Propagation Delay tPLH(D) 
Time (Differential Inputs) 

Open State to High Logic Level Propagation tPZH(S) 
Delay Time (Strobe) 


Low Logic Level to Open State Propagation tpLz(s) 
Delay Time (Strobe) 

High Logic to Low Logic Level Propagation tPHL(S) 
Delay Time (Strobe) 
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FIGURE 2 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


Vec 


INPUT 


TO OTHER 
VEE O RECEIVERS 


Dashed components apply to the MC3450 circuit only. 


TEST CIRCUITS 
FIGURE 3 — Icex., Von, AND VoL 
V1 +4.75 V 
V2 
TEST TABLE 
es 
sie Pesrev| - [esov[ = [ov] Pen | 
V4 
Pwo | ano [vsov | 0v, 
OL 
(MC3452) D 
Channe! A shown under test. Other channels are tested similarly. 
+6.25 V {ayo 
'CEXx 
if 
(MC3450) 
FIGURE 4 — IccH AND IeEH FIGURE 5 — IyH(s) AND IyL(s) 


+3.0 V 


MC3450 
MC3452 


-5.25 V 
MHOF VL 


ViH(s) OF 


Vitis) T 
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TEST CIRCUITS (continued) 


FIGURE 6—los 


O 
ee re | 
MC3450 
O O 
Es a 
10%, 
ee) Be 


Scull 


Channel A shown under test, other channels are tested similarly. 


Only one output shorted at a time. 


FIGURE 8 — 


+§.25 V 


~5.25 V 


Channel A(—) shown under test, other channels are tested 
similarly. Devices are tested with V1 from +3.0 V to -3.0 V. 


FIGURE 7 — thy 


v1 
V1-2.0V 


+5.25 V 


+3.0 V MC3450 


MC3452 


-5.25 V 


Channe! A(~) shown under test, other channels are tested 
similarly. Devices are tested with V1 from +3.0 V to -3.0 V. 


FIGURE 9 — loss 


+3.0 V +5.25 V 


-5.25 V 


Output of Channel A shown under test, other outputs are 
tested similarly for V1 = 0.4 V and +2.4 V. 


FIGURE 10 — RECEIVER PROPAGATION DELAY tp_p(p) AND tpHL(D) 


+5.0V 


+100 mV 


MC3450 
MC3452 


Output of Channel B shown under test, other channels are tested similarly. 


$1 at “A” for MC3452 
S1 at ‘‘B” for MC3450 
C, = 15 pF total for MC3452 
CL = 50 pF total for MC3450 


200 mv -——--—-— 
Ein 
Ov 
tPLH(D) tPHL(D) 
VOH TTT TT 
Eo 


VoL 


Ejn waveform characteristics: 

tT LH and tr}, <10 ns measured 10% to 90% 
PRR = 1.0 MHz 

Duty Cycle = 500 ns 
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TEST CIRCUITS (continued) 


FIGURE 11 — STROBE PROPAGATION DELAY TIMES tpiz(s)jtpzL(s) teHz(S) and tPZH(S) 


+5.0V 


v1 
V2 


Ta a 
Tezuis) [100mv | GNO_| Clowa | Open | S0nF | 


[nie | oxo _[F00mv | One [cima | so 


C,_ includes jig and probe capacitance. 
Ej, waveform characteristics: 

tTLH and try  <10 ns measured 10% to 90%. 
PRR = 1.0 MHz 


1N916 
or equiv 


ae Duty Cycie = 50% 
Eo = 
Output of Channel B shown under test, 
other channels are tested similarly. 
3.0 V------ 
Ein Ein 50% 
OV 
t 
tpLz(s) PH2Z(S) ~~ tpHz(s) 
VOH 
Eo Eo ————— Vopp1-0.5 V 
Y15V 
tPZL(S) tpZH(S) i | PZH(S) 


VOH——----I- 
~OoV 


FIGURE 12 — STROBE PROPAGATION DELAY tpi 1(s) AND tpHL(s) 


+5.0 V 


+100 mV 


Ein waveform characteristics: 

tTLH and trH1 <10 ns measured 10% to 90% 
PRR = 1.0 MHz 

Duty Cycle = 500 ns 


Output of Channel 8 shown under test, other channels are tested similarly. 
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APPLICATIONS INFORMATION 


FIGURE 13 — IMPLIED “AND” GATING 
Vref 


+5.0 V 
ADDRESS #1 
AODORESS #2 
ADDRESS #3 
OUTPUT 


ADDRESS #4 


The MC3452 can be used for address decoding as illustrated 
above. All outputs of the MC3452 are tied together through a 
common resistor to +5.0 volts. in this configuration the MC3452 
provides the “AND” function. All addresses have to be true 
before the output will go high. This scheme eliminates the need 
for an ‘‘“ANO” gate and enhances speed throughput for address 
decoding. 


FIGURE 15 — SINGLE-ENDED UNI-BUS* LINE RECEIVER 
APPLICATION FOR MINICOMPUTERS 


DATA 
DATA BUS 


DATA 
DATA BUS 


ADDRESS 
ADDRESS BUS 


NTROL 
CONTROL BUS £e 


MC 3450 
MC3452 
STROBE 
Equipment Corp. 


TO ADDITIONAL 
RECEIVERS 


The MC3450/3452 can be used for single-ended as well as 
differential line receiving. For single-ended line receiver appli- 
cations, such as are encountered in minicomputers, the con- 
figuration shown in Figure 15 can be used. The voltage source, 
which generates Vref, should be designed so that the Vre¢ 
voltage is halfway between Voy (min) and Vo, (max). The 
maximum input overdrive required to’ guarantee a given logic 
state is extremely small, 25 mV maximum. This low-input over- 
drive enhances differential noise immunity. Also the high-input 
impedance of the line receiver permits many receivers to be 
placed ona single line with minimum load effects. 


FIGURE 14 — BIDIRECTIONAL DATA TRANSMISSION 


+5.0 V 


1/4 (MC4042) 
CIRCUIT 


ee 


180 


COMPUTER MEMORY 
BUS BUS 
380 STROBE 
Pees | 
” STROBE 1/4 (MC3450) 
CIRCUIT 
The three-state capability of the MC3450 permits 
bidirectional data transmission as itlustrated. 
FIGURE 16 — WIRED “OR” DATA SELECTION USING 
THREE-STATE LOGIC 
Dal ea 
O O DATA 
| | MC3450 ew OUTPUT 
be ae 
DATA 
LINES 
O O 


*Trademark of Digital 
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ie) 
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1/2 MC4007 
CIRCUIT 
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APPLICATIONS INFORMATION (continued) 


FIGURE 17 — PARTY-LINE DATA TRANSMISSION SYSTEM 
WITH MULTIPLEX DECODING 
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QUAD LINE DRIVER WITH 
COMMON INHIBIT INPUT 


SILICON MONOLITHIC 
The MC3453 features four SN75110 type line drivers with a INTEGRATED CIRCUIT 
common inhibit input. When the inhibit input is high, a constant 
output current is switched between each pair of output terminals 
in response to the logic level at that channel’s input. When the 
inhibit is low, all channel outputs are nonconductive (transistors 
biased to cut-off). This minimizes loading in party-line systems 
where a large number of drivers share the same line. 


@ Four Independent Drivers with Common Inhibit Input 


@ —3.0 Volts Output Common-Mode Voltage Over Entire 
Operating Range 


@ Improved Driver Design Exceeds Performance of pe ie anes 
Popular SN75110 CASE 620-02 


P SUFFIX 
PLASTIC PACKAGE 
FIGURE 1 — PARTY-LINE DATA TRANSMISSION SYSTEM WITH CASE 648-05 
MULTIPLEX DECODING 


MTTL COMPATIBLE QUAD LINE DRIVER 


CONNECTION DIAGRAM 


MC3450 
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MC3452 OUTPUTS 
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VEE 


DATA 


INPUTS OUTPUTS 


7 TRUTH TABLE 
(positive logic) 


OUTPUT 
LOGIC| INHIBIT CURRENT 
INPUT | INPUT 
H 


ie 
La 


Ton | on 
Cow [on 


L. = Low Logic Level 
H = High Logic Level 
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MA XIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Syael_[ vats [Gt 


Volts 
vee 
Logic and Inhibitor Input Voltages Volts 


Common-Mode Output Voltage Range ae -5.0 to +12 Volts 


Power Dissipation (Package Limitation) pF nwo] nah 
Plastic and Ceramic Dual In-Line Packages 1000 mw 
Derate above Tp = +25°C mw/°c 
Operating Ambient Temperature Range fe Eat he Oto eI. | ee. i 
Storage Temperature Range T stg ae 
Plastic and Ceramic Dual !n-Line Packages 
RECOMMENDED DREN AMING CONDITIONS (See Notes 1 and 2.) 
| Nom | Max 


Symbol [Min [Nom | 


Power Supply Voltages Vcc +4.75 +5.0 +5.25 
VEE -4.75 ~5.0 ~5.25 
Common-Mode Output Voltage Range VOCR 
Positive +10 
Negative -3.0 


Note 1. These voltage values are in respect to the ground terminal. 
Note 2. When not using all four channels, unused outputs must be grounded. 


Power Supply Voltage 


DEFINITIONS OF INPUT LOGIC LEVELS* 


P Characteristic | Symbot | Min: | Max | Unit 


High-Level Input Voltage (at any re VIH 2.0 5.5 Volts 
Low-Level Input Voltage (at any input) VIL 0.8 Volts 


*The algebraic convention, where the most positive limit is designated maximum, is used with Logic Level Input Voltage Levels only. 


ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C unless otherwise noted.) 
Character istic## 
High-Level {!nput Current (Logic Inputs) 
(Voc = Max, Veg = Max, Vip, = 2.4 V) 
(Voc = Max, Veg = Max, Vin, = Voc Max) 
Low-Level Input Current (Logic Inputs) 
(Vcc = Max, Veg = Max, Vity = 0.4 V) 
High-Level Input Current (Inhibit Input) 
(Voc = Max, VEE = Max, Vj, = 2.4 V) 
(Vcc = Max, Veg = Max, Vin, = Voc Max) 
Low-Level Input Current (Inhibit Input) 
(Vcc = Max, Veg = Max, ViL, = 0.4 v) 
Output Current (‘‘on”’ state) 
(Vcc = Max, VEE = Max) 
(Vcc = Min, Veg = Min) 
Output Current (“‘off’’ state) 
(Vcc = Min, Veg = Min) 
Supply Current from Vcc (with driver enabled) 
(Vity = 0.4 V, Vin, = 2.0 V) 


Supply Current from Veg (with driver enabled) 
(Ving =0.4V, ViHy = 2.0 V) 


Supply Current from Vcc (with driver inhibited) 
(Vit, = 0.4 V. Vit, = 0.4 V) 


Supply Current from Vee (with driver inhibited) 
(Vy ig’ 0.4V, Ving = 0.4 V) 


#A\I typical values are at Vcc = +5.0 V, Veg = -5.0 V, Ta = +25°C. 
##F or conditions shown as Minor Max, use the appropriate value specified under recommended operating 
conditions for the applicable device type. 
Ground unused inputs and outputs. 
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SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Veg =-5.0 V, Ta = +25°C.) 


TP 
Propagation Delay Time from Logic Input to tPLHL 9.0 
Output Y or Z (Rx = 50 ohms, Cy, = 40 pF) . 
Propagation Delay Time from Inhibit Input 
to Output Y or Z (R;_ = 50 ohms, C, = 40 pF) 


FIGURE 2 — LOGIC INPUT TO OUTPUTS PROPAGATION FIGURE 3 — INHIBIT INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS DELAY TIME WAVEFORMS 


3.0 V i oN , 3.0 V 
50% 50% 


LOGIC INP INHIBIT 
UT INPUT 50% 50% 
OV 


OV 


Ov tPHL, 
Ov 


asa OUTPUT 50% 
Y 


Ov OUTPUT Z 


OUTPUT Ov 
Zz 


TEST CIRCUITS 
FIGURE 4 — LOGIC INPUT TO OUTPUT PROPAGATION FIGURE 5 — INHIBIT INPUT TO OUTPUT PROPAGATION 
DELAY TIME TEST CIRCUIT DELAY TIME TEST CIRCUIT 


Ejn to Scope Vec = +5.0 V 


Output 
to 
Scope 
O 
O 40 pF 


13 | (total) L 4 

O E;. to Sco 

MC3453 2. La aie te MC3453 
© 


19) 
O 4 
Ein 


tT LH = tTHL 
<10 ms 


Channel! A shown under test, the other Channe! A shown under test, the other 
channels are tested similarly. channels are tested similarly. 
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FIGURE 6 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 
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TRIPLE MAGNETIC TAPE 


MORY PREAMPLIFIER 
TRIPLE WIDEBAND PREAMPLIFIER MEMOR 


WITH ELECTRONIC GAIN CONTROL (EGC) 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3467 provides three independent preamplifiers with in- 
dividual electronic gain control in a single 18-pin package. Each pre- 
amplifier has differential inputs and outputs allowing operation in 
completely balanced systems. The device is optimized for use in 9- 
track magnetic tape memory systems where low noise and low dis- 
tortion are paramount objectives. 

The electronic gain control allows each amplifier’s gain to be set 


anywhere from essentially zero to a maximum of approximately 
100 V/V. 


P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 707-02 CASE 726-01 


@ Wide Bandwidth — 15 MHz (Typ) 
@® Individual Electronic Gain Control 
@ Differential Input/Output 


TYPICAL APPLICATION 
HIGH PERFORMANCE 9-TRACK OPEN REEL 
TAPE SYSTEM 


NRZI/¢@ 
VI(EGC) Select 
C) C) 


Active 
Differentiator 


1/3 MC3467 NRZI Read 
Preamplifier alee Filters eo Meet | 


ees, 


Encode 
Filters 


LSI 
Formatter 
MC8500 


MC8501 
Mc8502 
MC8520 
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MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted.) . 


eS eee) ila 


Power Supply Voltages 
Vcc 6.0 
Negative Supply Voltage VEE —9.0 


Positive Supply Voltage 
EGC Voltages (Pins 1,6 and 13) Vi(EGC) —5.0 to Vcc 
T 


ID 
Operating Ambient Temperature Range 0 to +70 
un 


Vv 
Vv 
V 
Amplifier Output Short Circuit 
fo) 


C 


Storage Temperature Range Tstg —65 to +150 ss 


ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, Veg = —6.0 V, f = 100 kHz, Ta = 0 to +70°C unless otherwise noted.) 


Power Supply Voltage Range 


QO 


(o) 


Unit 


< 
G 


ef 


Positive Supply Voltage Vccr 4.75 5.25 
Negative Supply Voltage VEER 
Operating EGC Voltage Vi(EGC) 0 


Differential Voltage Gain (Balanced) AvbD 120 V/V 
(Vi(EGC) = 0, e; = 25 MVp-p) (See Figure 1) 
Differential Voltage Gain AvD 
(Vi(EGC) = Voc) 
V 


NO 
Oo 


V/V 


Maximum Input Differential Voltage VipR 
(Balanced) (Tq = 25°C) 

Output Voltage Swing (Balanced) (Figure 1) OR 
(e; = 200 mVp-p) 


Input Common-Mode Range VICR = 


Differential Output Offset Voltage -| Vooo 
(Ta = 25°C) 

Common-Mode Output Offset Voltage Vooc 
(Ta = 25°C) 


Common Mode Rejection Ratio (Figure 2) CMRR 
Vi(EGC) = 9 Vem = 1.0 Vip 
(f = 100 kHz) 
(f = 1.0 MHz) 


3 
< 


100 
100 


ie 
1.5 

0 

0 


0 
6 
4 


3 < < 


= 
x 
N 


1on) 
(2) 
eee 
o)) 
.< 


i+ 
. N = 
(a) 


3 
> 


& 
wo 


UVRMS 


512 


Small-Signal Bandwidth (Figure 1) BW 

(—3.0 dB, ej = 1.0 mVp-p, Ta = 25°C) 
Input Bias Current | tig 
Output Sink Current (Figure 5) | los 
Differential Noise Voltage Referred to Input (Figure 3) 

(Vi(EGC) = 0, Rg = 50 ©, BW = 10 Hz to 1.0 MHz, T, = 25°C) 
Positive Power Supply Current (Figure 4) 
Negative Power Supply Current (Figure 4) | tee | 
Input Resistance (T, = 25°C) 
Input Capacitance (Ta = 25°C) 
Output Resistance (Unbalanced) 

(Ta = 25°C) 


(eS) 

Oo 
tT 
n 


| 

ao 

or 

< | 

| QO ~N 
O09 


NT nh 
ojo 
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FIGURE 1 — DIFFERENTIAL VOLTAGE GAIN, FIGURE 2 — COMMON-MODE REJECTION RATIO 
BANDWIDTH AND OUTPUT VOLTAGE SWING (Channel A under test, other amplifiers tested similarly) 
TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 


5.0 V 5.0 V 


Vv 
CMRR = 20 log —OP- 
Ay Vi 


MC3467 


MC3467 


Voo 


= 20 log ——— 
100 V, 


cd —6.0 V -6.0 V 


FIGURE 3 — DIFFERENTIAL NOISE VOLTAGE 
REFERRED TO THE INPUT 


5.0V 


Krohn- 
Hite 
3202 
Filter 


MC3467 


Low Pass 
Filter With 
= BW = 1.0 MHz 
Assume Uncorrelated Noise Sources ~6.0V 
en (Differential Noise at Input) = €g V 2/100 


FIGURE 6 — TOTAL HARMONIC DISTORTION 
TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 


FIGURE 5 — OUTPUT SINK CURRENT TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 
+5.0V +2.0 V 5.0 V 


hp 334A 
Distortion 
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leg, NEGATIVE POWER SUPPLY CURRENT 


THO, TOTAL HARMONIC DISTORTION (%) 


wn ae 


Av (norm), VOLTAGE GAIN NORMALIZED (aB) 


(NORMALIZED) 


TYPICAL CHARACTERISTICS 
(Voc = 5.0 V, Veg = -6.0 V, Tp, = 25° unless otherwise noted) 


FIGURE 7 — TOTAL HARMONIC DISTORTION (THD) 
versus INPUT VOLTAGE 


VI(EGC) = 1.8 V 
fi = 100 kHz 


Vi, INPUT VOLTAGE (mVp-p) 


FIGURE 9 — NORMALIZED VOLTAGE GAIN 
versus AMBIENT TEMPERATURE 


Vcc =5.0V 
VEE =-6.0V 
Vj = 10 mV RMS 
f} = 100 kHz 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 11 — NORMALIZED NEGATIVE POWER SUPPLY 
CURRENT versus NEGATIVE POWER SUPPLY VOLTAGE 


= 


VEE, NEGATIVE POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 8 — NORMALIZED VOLTAGE GAIN 


versus FREQUENCY 

TT TT TTT 

UI TTT TTT 

Sette St 
fe 
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Av (norm) = 20 log 4 KHz) 
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FIGURE 10 — NORMALIZED POSITIVE POWER SUPPLY 
CURRENT versus POSITIVE POWER SUPPLY VOLTAGE 


Veg =-6.0V 
Ta = 259C 

_ tec (T) 
"* fee (25°C) 


Icc, POSITIVE POWER SUPPLY CURRENT 
(NORMALIZED) 


49 495 50 505 51 5.15 
Vcc, POSITIVE POWER SUPPLY VOLTAGE (Vdc) 


9.2 5.25 


FIGURE 12 — NORMALIZED POWER SUPPLY CURRENTS 
versus AMBIENT TEMPERATURE 


Vcc =5.0V 


VEE=-6.0V 
__'ec(T) — tee (tT) 
”* tec (25°C) ~ leg (25°C) 
| I 
SEE FIGURE 4 
FOR TEST CIRCUIT 


lee (T) 


icc/lEE, POWER SUPPLY CURRENTS 
(NORMALIZED) 


Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 13 — DIFFERENTIAL VOLTAGE GAIN versus 
ELECTRONIC GAIN CONTROL VOLTAGE (Vj (EGC)) 
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FIGURE 15 — PHASE SHIFT versus FREQUENCY 


¢, PHASE SHIFT (DEGREES) 


f, FREQUENCY (MHz) 


CMRR, COMMON MODE REJECTION RATIO (dB) 


IW(EGC), EGC INPUT CURRENT (mA) 


FIGURE 14 — COMMON-MODE REJECTION RATIO 
(CMRR) versus FREQUENCY 
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FIGURE 16 — TYPICAL EGC INPUT CURRENT versus 
EGC INPUT VOLTAGE 


Vi(EGC), EGC INPUT VOLTAGE (Vdc) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
1/3 MC3467 
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Specifications and Applications 
Information 


FLOPPY DISK WRITE CONTROLLER 


The MC3469 is a monolithic WRITE Current Controller designed 
to provide the entire interface between floppy disk heads and the 
head control and write data signals for stradle-erase heads. 

Provisions are made for selecting a range of accurately controlled 
write currents and for head selection during both read and write 
operation. Additionally, provisions are included for externally adjust- 
ing degauss period and inner/outer track compensation. 

@ Head Selection — Current Steering Through Write Head and 
Erase Coil in Write Mode 


@ Provides High Impedance (Read Data Enable) During Read Mode 


@ Head Current (Write) Guaranteed Using Laser Trimmed Internal 
Resistor (3.0 mA using Rext = 10 kM) 


IRW Select Input Provides for Inner/Outer Track Compensation 
Degauss Period Externally Adjustable 


Specified With +10% Logic Supply and Head Supply (Vpp) from 
10.8 V to 26.4V 


Minimizes External Components 


BLOCK DIAGRAM 


R W1 R W2 


Select 


Enable 
Current 


Select 


MOTOROLA 


FLOPPY DISK 
WRITE CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


is yyy it 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


Erase & 


Coil 
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Vcc 


Head 
Select 
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ABSOLUTE MAXIMUM RATINGS (Note 1) (Ta = 25°C) 


[Rating «Symbol | Value ‘une 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be 
guaranteed. They are not meant to imply that the devices should be operated at these limits. The 
table of ‘Electrical Characteristics’’ provides conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


[ating i Sembol [Value [Unit 


ELECTRICAL CHARACTERISTICS (Ta =0to+70°C, Vec= 4.5 to 5.5 V, Vag = 10.8 to 26.4 V unless otherwise noted. Typicals given 
for Vcc = 5.0 V, Vep = 12 V and Ta = 25°C unless otherwise noted.) 


DIGITAL INPUT VOLTAGES 


Power Supply Current — Vcc 
VBB 


High Level Input Voltage 
(Vcc = 4.5 V) 


N 
oO 


Negative Threshold 
(Vcc = 5.0) 

Hysteresis (VT(+) - VT(-)) 
Ta = O°C to +70°C 
Ta = 25°C 


DIGITAL INPUT CURRENTS 


High Level Input Current 
(Vcc = 5.5 V, Vep = 26.4 V, Vj = 2.4 V) 


Low Level Input Current 
(Vcc = 5.5 V, Veg = 26.4 V, Ta = 25°C unless 


= 
> 


noted below) 
VeBp=12V 
VBB= 24V 
Vcc =5.0V 
Vcc =5.0V 


| als 
> 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 0 to+70°C, Vec= 4.5 to 5.5 V, Vag = 10.8 to 26.4 V unless otherwise noted. 
Typicals given for Vcc = 5.0 V, Veg = 12 V and Ta = 25°C unless otherwise noted.) 


CENTER-TAP and ERASE OUTPUTS 


Output High Voltage (See Figure 9) 
(IOH = -100 mA, Vcc = 4.5 V) 
Vep = 10.8 to 26.4 V 


Output Low Voltage (See Figure 9) 
(lo = 1.0 mA) 
Vegp=12V 
Vep= 24V 


Output High Leakage 
(VOH = 24 V, Vcc = 4.5 V, VeB = 24 V) 


Output Low Voltage (See Figure 10) 
(lo. = 90 mA, Vcc = 4.5 V) 
Vegp=12V 
Vep=24V 


CURRENT SOURCE 


Reference Voitage 1 Vref _ 
Degauss Voltage (See Text) 1 VDEG wie 
(Voltage Pin 1 - Voltage Pin 2) 
7 Bias Voltage 2 VE — 
Write Current Off Leakage 6,7 IOH 
(VOH = 35 V) 


Saturation Voltage 
(VBB= 12 V) 


Current Sink Compliance 6,7 
(For Vg, 7 = 4.0 V to 24 V, Vw = 0.8 V) , 
6,7 


Average Value Write Current 


Vsat 


Al/RW2, 1 


(pin 6 + IPin 7) 
eee ior Waa 106.16. 264 ¥) 


@ IR/w=!Low. R= 10k 
Ta = 25°C 
Ta = 0 to +70°C 
@ Irsw=!tLow. R= 5.0k 
Ta = 25°C 
Ta = 0 to +70°C 
@ Ipsw= lH, R= 10k (Ini = ILow+ % ILoW) 
Ta = 25°C 
Ta = 0 to +70°C 
Difference in Write Current 
(Pin 6 - !Pin 7I 
@ In/w= Low. Vep = 10.8 V to 26.4 V) 
R=10k 
Ta = 25°C 
Ta = 0 to +70°C 
R=5.0k 
Ta = 25°C 
Ta =0 to +70°C 


IR/W(L) 


AIR/W(H) 


6,7 
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AC SWITCHING CHARACTERISTICS (Vcc = 5.0V, Ta = 25°C, Vep= 24 V, IRws=0.4 andIR/yw= 3.0 mAunless otherwise noted 
— refer to Figure 2 and Figure 11.) 


Characteristics (Note 2) fin (Note 3) Min 


1. Delay from Head Select going low through 0.8 V to CTO HS, Pind 
going high through 20 V. 
2. Delay from Head Select going low through 0.8 V to CT1 HS, Pin 9 
going low through 1.0 V. 


3. Delay from Head Select going high through 2.4 V to CTO HS, Ping 
going low through 1.0 V. 
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4. Delay from Head Select going high through 2.4 V to CT1 
going high through 20 V. 

5. Delay from WG going low through 0.8 V to CTO WG, Pin4 
going low through 1.0 V. 


6. Delay from WG going low through 0.8 V to CT1 
going high through 20 V. 


7. Delay from WG going low through 0.8 V to CTO WG, Pi 
going high through 20 V. 


8. Delay from WG going low through 0.8 V to CT1 
going low through 1.0 V. 


9. After WG goes high, delay from R/W1 turning off 
through 10% to CTO going high through 20 V. 


20 750 iS 
10. After WG goes high, delay from R/W1 turning off 20 1200 s 
through 10% to CT1 going Jow through 1.0 V. 


HS, Pin9 
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11. After WG goes high, delay from R/W2 turning off WG, Pin 4 20 1200 
through 10% to CTO going low through 1.0 V. 


12. After WG goes high, delay from R/W2 turning off WG, Pin 4 20 600 
through 10% to CT1 going high through 20 V. 


13. Delay from WG going low through 0.8 V to EO WG, Pin 4 
going low through 1.0 V. 


14. Delay from WG going low through 0.8 V to E1 WG, Pin 4 
_ going low through IONS 


15. Delay from WG going high through 2.0 V to EO 
going high through 23 V. 


16. Delay from WG going high through 2.0 V to E1 
going high through 23 'V. 
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17. After WG goes low, delay from CTO going low through 
1.0 V to R/W1 turning on through 10%. 
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18. After WG goes low, delay from CT1 going low through 
1.0 V to R/W2 turning on through 10%. 


19. After WG goes low, fall time (10% to 90%) of R/W1. WG 
20. After WG goes low, fall time (10% to 90%) of R/W2. WG, Pin 4 
WG 
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21. Setup time, Head Select going low before 
WG going low. 


22. Write Data low Hold Time WD, Pin 5 200 
23. Write Data high Hold Time 
24. Delay from WG going high through 2.0 V 


WD 
WG, Pin 4 3.9 
to R/W 1 turning off through 10% of on value. 


Note 2: Test numbers refer to encircled numbers in Figure 2. 
Note 3: AC test waveforms applied to the designated pins as follows: 
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Amplitude Duty Cycle 
HS, Pin9 0.4t0o2.4V 


WG, Pin 4 0.4to2.4V 
WD, Pin 5 0.2t02.4V 
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~ AC SWITCHING CHARACTERISTICS (continued) . 
(Vcc = 5.0 V, Ta = 25°C, Veg = 24 V, WG = 0.4 unless otherwise noted — refer to Figure 3 and Figure 11.) 


Characteristics (Note 4) 


1. Delay from Write Data going low through 0.9 V to R/W1 
turning on through 50%. 


2. Delay skew, difference of R/W1 turning off and R/W2 


turning on through 50% after Write Data going low 
through 0.9 V. 


3. Delay from Write Data going low through 0.9 V to R/W1 — 
turning off through 50%. 


4. Delay skew, difference of R/W1 turning on and R/W2 
turning off 50% after Write Data going low 
through 0.9 V. 


5. Rise time, 10% to 90%, of R/W1 
7. Fall time, 90% to 10%, of R/W1 
8. Fall time, 90% to 10%, of R/W2 


Note 4: Test numbers refer to encircled numbers in Figure 4. 
fin = 1.0 MHz, 50% Duty Cycle and Amplitude of 0.2 V to 2.4 V. 


PIN DESCRIPTION TABLE 


Description 


Symbol 


Head Select input selects between the head !/O pins: center-tap, erase, and read/write. AHIGH 
selects Head O and a LOW selects Head 1. 


Head Select 


Lh 


Write Gate input selects the mode of operation. HIGH selects the read mode, while LOW selects 
the Write Control mode and forces the write current. 


Write Gate 


Write Data input controls the turn on/off of the write current. The internal divide-by-two flip-flop 
toggles on the negative going edge of this input to direct the current alternately to the two 
halves of the head coils. 


Write Data 


IRWS 


IRW Select input selects the amount of write current to be used. When LOW, the current equals 


IRW Select 
ee the value found in Figure 5, according to the external resistor. When HIGH, the current equals 
the low current + 33%. 


A resistor between these pins sets the write current. Laser trimming reliably produces 3 mA of 
current fora 10k resistor. A capacitor from Vye¢ to Gnd will adjust the Degauss period. 


Vref 
lref 


Center-tap O CTO 


x= S| S| =x 
ed : ; i 


= 
Oo 


f 


Center-tap 0 outputis connected to the center tap of Head O. It will be pulled to Gnd or Veg (+12 or 
+24) depending on mode and head selection. 


Erase O will be LOW for writing on Head 0, and floating for other conditions. 


Center-tap 1 output is connected to the center tap of Head 1. It will be pulled to Gnd or Vep (+12 or 
+24) depending on mode and head selection. 


Center-tap 1 CT1 


| EF at Erase 1 will be LOW for writing on Head 1, and floating for other conditions. 
R/W2 [eee R/W2 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W'1. It will be connected to one side of the heads. 
R/W1 R/W1 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W2. It will be connected to one side of the heads. 
Gnd Coil grounds 
Gnd Reference and logic ground 
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FIGURE 1 — LOGIC DIAGRAM 


R/W1 R/W2 Vep Vcc 
VBB 12 
Data 5 i 
Write 
Gate 4 
Eg 
13 
El 
11 
IRWS 
8 CT1 
16 
CT 
14 
Head 


Select g 
Se LJ 


FIGURE 2 — AC TIMING DIAGRAM 


*External Component 
oc — open collector 


Head 9 
Select 


Write 4 @1) 
Gate 


2.0V 


R/W1 7 


R/W2 6 10% . 10% 
90% 


— @=|-— 


1.0 V Nom. 


Vref 
(5.0 V Nom.) 


Vp; ~Vp; 
Pin 1 Pin 2 — 0.85 V Nom. 


(Ref. Voltage @) —0.85 V Nom. 
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FIGURE 3 — R/W1 AND R/W2 RELATIONSHIP 


Write Data 5 
2.4V 
O9V_ — 
0.2V aw 
R/W1 7 | © 
109 = 
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APPLICATION INFORMATION 


The MC3469Pserves as a complete interface between 
the Write Control functional signals (Head Select, Write 
Data, Write Gate and inner track compensation, IRWS) 
and the head itself. A typical configuration is shown in 
Figure 4. Le’s are erase coils. 


WRITE CURRENT SELECTION 

Although the MC3469P has been specified for 3.0 mA 
write current (with a 10 kQ external resistor), a range of 
write current values can be chosen by varying Rext using 
the plot in Figure 5. This current can also be derived using 
30 


the relationship lwrite (mA) = —-—— 
P Write ) Reont(k) 


FIGURE 4 — TYPICAL APPLICATION 


MC3469P 


IRef, the current flowing in Rext (required only for dis- 
sipation calculations) can be worst case using the fact 
that the differential voltage between Pins 1 and 2 (Vref) 
shown in Figure 3 never exceeds 5.0 volts. With a low 
value of Rext = 1.0 kD, Pp = 25 mW. 


WRITE CURRENT DAMPING 


Referring to Figure 4, resistors Rp are used to dampen 
any ringing that results from applying the relatively fast 
risetime write current pulse to the inductive head load. 
Values chosen will be a funciton of head characteristics 
and the desired damping. Rp serves as a common pullup 
resistor to the head supply Vpp. 


FIGURE 5 — WRITE CURRENT versus Re xt 


WRITE CURRENT — Ip/wy and Ip7wo (mA) 


EXTERNAL SET RESISTOR — Ray (kQ) 
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DEGAUSS PERIOD 


Degauss of the read/write head can be accomplished 
at the end of each write operation by attaching a capacitor 
from pin 1 to ground. The timing relationship that results 
is shown in Figure 7. Asimplified diagram of this function 
is shown in Figure 6. 

While WG is low, the selected write current flows into 
pin 6 or pin 7(R/W11 or R/W2) and is mirrored through the 
external resistor, Rext. The degauss capacitor, CpG, will 
be charged to approximately 5.7 volts. After WG goes 
high, the voltage on CpG begins to decay toward 0.7 V. 
When the voltage reaches the comparator threshold of 
1.7 V, the comparator output triggers the internal logic 
to completely turn off the write current. At this point, the 
pulse amplitude on the R/W1 and R/W2 pins has returned 
to 10% of its maximum value. 

Figure 7, Degauss Period shows the relationship be- 


FIGURE 6 — SIMPLIFIED DEGAUSS CIRCUIT 


VBB 


to Internal 


10k Logic 


Rext 


tween Cpg and Degauss Period for Rext = 10 kf. This 
period is equal to the exponential delay time for the volt- 
age as mentioned plus some internal delay times. 


POWER-UP WRITE CURRENT CONTROL 

During power-up, under certain conditions (Vgp 
comes up first while WG is low), there can be a write 
current transient on Pins 6 and 7 (R/W1 and R/W2) of 
sufficient magnitude to cause writing to occur if the 
head is loaded. 

This transient can be eliminated by placing a capacitor 
from Pin 2 to ground. This also delays the write current 
when WG goes low and this delay must be accounted 
for when the capacitor on Pin 2 is used. The delay is 3.0 
us for a 2700 pF capacitor, and Reyt = 10 k©. Values 
up to 7000 pF may be used. 


FIGURE 7 — DEGAUSS PERIOD versus 
CAPACITANCE (Cog) 
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DEGAUSS PERIOD (us) 


FIGURE 8 — TURN-ON WRITE PROTECTION 
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Rext 2 MC3469P 


2700 pF 
5.0% 
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TEST FIGURES 


FIGURE 9 — CENTER TAP OUTPUT VOLTAGE 


(PINS 14 AND 16) 
VT 
| 08 | 
VoH (P14) | On | off | P14 
ee 
jvouter6) | on Off | P16 
on | on. 


CONDITIONS 


On OO BB WD = 


*Volts 
FIGURE 10 — ERASE OUTPUT LOW VOLTAGE 
(PINS 11 AND 13) 
CONDITIONS 
Measure Set 
Vr 
Vouria 
Vou. (P13) 
FIGURE 711 — TIMING TEST CIRCUIT 
+5.0V+5% +24V +5% 
0.1 wF a 
Write Data 
Write Gate 
AC 
Inputs 
Head Select 
IRW Select 
See Specification 
Table and Note 3. 
10k (0.1%) 
Notes: 
Diodes Type 1N4934. 
200 pF Resistors (unless otherwise noted) are 1/4 W, 5%. 


1% 
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ERASE CURRENT 

The value of Rg, the erase current set resistor, is found 
by referring to Figure 12 and selecting the desired erase 
current. 

Looking at the simplified erase current path in Figure 12, 
when writing, CTO will be high (VQH(min) = 21 V) and EO 
will be low (VOL(max) = 0.6 V). If the erase coil resistance 
is 109 and 40 mA of erase current is desired, then: 


(RE + 10 2)x 40 mA= (21 -0.6) V 


or 
20.4 V 
——  -1090= 5009 
004A 


Pp = (0.04) (20.4) = 0.816 W or 1.0 W 


This gives the minimum value R¢ for worst case VOH/VOL 
conditions. It is also recommended that a diode be used as 
required for inductive back emf suppression. 


Erase timing is provided internally and is active during 
Write Gate low for the selected head. 


FIGURE 12 — ERASE CURRENT 
(Re Selection) 


EO 


Erase 


MC3469 Coil 


FIGURE 13 — TYPICAL DUAL HEAD FLOPPY DISK SYSTEM USING 
FET GATE READ CHANNEL SELECTION AND MC3469/MC3470 


MC3470 


ee tre ea eek te gee ee aoa | 
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See Data Sheet 
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MC3470AP MOTOROLA 


Specifications and Applications 
Information 


FLOPPY DISK 
READ AMPLIFIER SYSTEM 


FLOPPY DISK READ AMPLIFIER 


SILICON MONOLITHIC 


The MC3470 is a monolithic READ Amplifier System for obtaining INTEGRATED CIRCUIT 


digital information from floppy disk storage. It is designed to accept 
the differential ac signal produced by the magnetic head and pro- 
duce a digital output pulse that corresponds to each peak of the input 
signal. The gain stage amplifies the input waveform and applies it 
to an external filter network, enabling the active differentiator and 
time domain filter to produce the desired output. 


@ Combines All the Active Circuitry To Perform the Floppy Disk Read 
Amplifier Function in One Circuit 


@ Guaranteed Maximum Peak Shift of 2.0% — MC3470A 
@ Improved (Positive) Gain Tc and Tolerance P SUFFIX 


@ Improved Input Common Mode PLASTIC PACKAGE 
CASE 707-02 


TYPICAL APPLICATION 
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Filter Network Differentiator 
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One-Shot Differentiator 
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Analog [Inputs . 
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ABSOLUTE MAXIMUM RATINGS (Note 1) (Ta = 25°C) 


Input Voltage (Pins 1 and 2) -0.2 to +7.0 


Output Voltage (Pin 10) Vdc 
[ce a a So 
Plastic Package 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of 
the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of ‘Electrical Characteristics” 
provides conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


Rating «SS bot [Van «nt | 


Power Supply Voltage Vcc Vec1 + 4.75 to +5.25 Vdc 
Vec2 +10 to +14 


Characteristic 


Differential Voltage Gain MC3470 
(f = 200 kHz, Vip = 5.0 mV(RMS) MC3470A 


Input Bias Current 

Input Common Mode Range Linear Operation 
(5% max THD) 

Differential Input Voltage Linear Operation 
(5% max THD) 


Output Voltage Swing Differential 
Output Source Current, Toggled 


[Four 
: 
eo 
_ 


i) 
ao 


5 


ie) 
© 


250 


Smail Signal Input Resistance (Ta = 25°C) 


Small Signal Output Resistance, Single-Ended 
(Ta = 25°C, Voc = 5.0 V, Vec2 = 12 V) 


Bandwidth, -3.0 dB (vjp = 2.0 mV(RMS), Ta = 25°C 
Vcec1 = 5.0 V, Vec2 = 12 V) 


Common Mode Rejection Ratio (Ta = 25°C, f = 100 kHz, 
Avp = 40 dB, vjn = 200 mVp-p, Vcc = 5.0 V, 
Vcec2 = 12 V) 


Vcc1 Supply Rejection Ratio (Ta = 25°C, Vec2 = 12 V, 
4.75<Vcc1 < 5.25 V, Ayp = 40 dB) 


Vcc2 Supply Rejection Ratio (Ta = 25°C, Vcc = 5.0 V, 
10V<Vcc2 < 14 V, Ayp = 40 dB) 


Differential Output Offset (Ta = 25°C, vip = Vin = O V) 


Common Mode Output Offset (vip = Vin = 0 V, 
Differential and Common Mode) 


Differential Noise Voltage Referred to Input 22 
(BW = 10 Hz to 1.0 MHz, Ta = 25°C) 


Supply Currents 
(Vcec1 = 5.25 V, Sq to Pin 12 or Pin 13) 
(Vcc2 = 14 V) 


CMRR 
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Vco 


Icc1 
lcc2 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = Oto +70°C, Vecq = 4.75 to 5.25 V, Vec2 = 10 to 14 V unless otherwise noted) 


ACTIVE DIFFERENTIATOR SECTION 


Differentiator Output Sink Current, Pins 12 and 13 
(Vop = Vcc1) 
! Peak Shift (f = 250 kHz, vip = 1.0 Vp-p, icap = 500 BA, 


tps1-tps2 


where PS = 1/2 x 100%, 


tps1 + tps2 MC3470 


Vec1 = 5.0 V, Vec2 = 12 V) MC3470A 


Differentiator Input Resistance, Differential 


Differentiator Output Resistance, Differential 
(Ta = 25°C) 


DIGITAL SECTION 


Output Voltage High Logic Level, Pin 10 (Vcc1 = 4.75 V, 
Vcc2 = 12 V, IoH = -0.4 mA) 

Output Voltage Low Logic Level, Pin 10 (Vcc = 4.75 V, 
Vec2 = 12 V, lot = 8.0 mA) 


Output Rise Time, Pin 10 


Output Fall Time, Pin 10 
Timing Range Mono #1 (ta and t7B) 


Timing Accuracy Mono #1 
(t1 = 1.0 ws = 0.625 R1C1 + 200 ns) 
(R1 = 6.4 kQ, C1 = 200 pF) 


| 


Accuracy guaranteed for R1 in the range 
1.5kQ < R1< 10 kN and C1 in the range 
150 pF < C1 < 680 pF. 


Note: To minimize current transients, C1 should 
be kept as small as is convenient. 


Timing Range Mono #2 


Timing Accuracy Mono #2 
(t2 = 200 ns = 0.625 R2C2) 
(R2 = 1.6 kON, C2 = 200 pF) 


Accuracy guaranteed for 1.5kQ < R2< 10kN, 
100 pF < C2 < 800 pF 
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MC3470 CIRCUIT SCHEMATIC 
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FIGURE 1 — POWER SUPPLY CURRENTS, FIGURE 2 — VOLTAGE GAIN, BANDWIDTH, 
lec1 AND Ic¢c2 OUTPUT VOLTAGE SWING 


OVec2 


OV017 


O Vo016 


Yo16 ~ Yo17 


eG Vin 


OVcc1 


FIGURE 4 — AMPLIFIER OUTPUT SINK CURRENT, 
FIGURE 3 — AMPLIFIER INPUT BIAS CURRENT, lip ; PINS 16 AND 17 
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FIGURE 5 — AMPLIFIER COMMON MODE FIGURE 6 — DIFFERENTIATOR OUTPUT SINK CURRENT, 
REJECTION RATIO, CMRR PINS 12 AND 13 


OVcc2 


OVo17 


OVo16 


Yo16 ~ Yo17 


CMRR = 20 logig sag 
in 


f = 100 kHz 


Vin = 200 MV pp Sere 


eVect 


6.4 k 


NOTE: Measurements may be made with vector voltmeter hp 
8405A or equivalent at 1.0 MHz to guarantee 100 kHz 


performance. 
FIGURE 7 — PEAK SHIFT, PS FIGURE 8 — PEAK SHIFT, PS 
See Figure 8 for Output Waveform Vin = 1.0 Vop f = 250 kHz 


Test schematic on Figure 7 


O Vcc2 


f= 250 kHz 
t t 
0.1 MF Vin = 1.0 Vop PS1 PS2 


tpsi-t 
pga | oe 96% 
2 tpsi1* tps2 
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3 FIGURE 9 — DATA OUTPUT VOLTAGE HIGH, PIN 10 FIGURE 10 — DATA OUTPUT VOLTAGE LOW, PIN 10 


200 pF 200 pF 


6.4 k 
| 
| FIGURE 11 — DATA OUTPUT RISE TIME, trLy 
3 DATA OUTPUT FALL TIME, tpH FIGURE 12 — TIMING ACCURACY, E;4 AND E42 
TIMING ACCURACY MONO #2, Ex2 DATA OUTPUT RISE AND FALL TIMES, triy AND try 
Vin is same as shown on Figure 13, test schematic on Figure 12 Vin shown on Figure 13 
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= 9, 
Et2= 300 ns * 100% 
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FIGURE 13 — TIMING ACCURACY MONO #1, E¢] 
trLH = tTHL <10ns f= 250 kHz 50% Duty Cycle 


Test Schematic on Figure 12 


04V 


ta t 
Vouk b- tA 1B 
Pin 10 1.5V 


1A 


=a 9 
Et:1A 1000 ns xX 100% 
t1B a 

E11B _ 7000 ns AS xX 100% 


FIGURE 14 — AMPLIFIER OFFSET DECOUPLING 
IMPEDANCE, PINS 3 AND 4 
Retreand Ay with Rey; = 500 2 


Vin f = 250 kHz 
Vin = 5 mV(RMS) 
R 
O 
500 
_ Vout 
Vin 
200 pF 
i 5 Rext 
) 
2 A - 1 
VR 
500 22 
(st 
= ee 
Voutr 
FIGURE 15 — NORMALIZED POWER SUPPLY CURRENT FIGURE 16 — NORMALIZED VOLTAGE GAIN 
(Iec/Icc 25°C) versus TEMPERATURE (Ay/Ay 25°C) versus TEMPERATURE 


Ay(N), NORMALIZED VOLTAGE GAIN 


lec(N), NORMALIZED POWER SUPPLY CURRENT 


Ta, AMBIENT TEMPERATURE (°C) Tp, AMBIENT TEMPERATURE (°C) 
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FIGURE 17 — PHASE AND NORMALIZED VOLTAGE FIGURE 718 — NORMALIZED TIME DELAY 
GAIN versus FREQUENCY ty versus TEMPERATURE 
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FIGURE 20 — NORMALIZED VOLTAGE GAIN, 
FIGURE 19 — NORMALIZED OUTPUT PULSE WIDTH, Avr/Avpr 25°C 
t2/t2 25°C See Figure 14, Switch Position R 
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FIGURE 21 — EFFECTIVE EMITTER RESISTANCE 
DISTRIBUTION, PINS 3 AND 4 FIGURE 22 — DIFFERENTIAL NOISE VOLTAGE 
Vcec2 


Krohn-Hite 
3202 Filter 


See Figure 14 
Pin 3 or 4 
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Low Pass hp 3400A 
Filter with RMS 
fo = 1.0 MHz Voltmeter 
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Ret. EFFECTIVE EMITTER RESISTANCE (2) 
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NOTE: Assume uncorrelated noise sources 
en (differential noise at input) = eg\/2/100 
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APPLICATION INFORMATION 


The MC3470 is designed to accept a differential ac 
input from the magnetic head of a floppy disk drive and 
produce a digital output pulse that corresponds to each 
peak of the ac input. The gain stage amplifies the input 
waveform and applies it to a filter network (Figure 23a), 


FIGURE 23a — BLOCKING CAPACITORS USED TO 
ISOLATE THE DIFFERENTIATOR 


14 


MC3470 
Gain Stage 


MC3470 
Differentiator 


Filter 


enabling the active differentiator and time domain filter 
to produce the desired output. 


FILTER CONSIDERATIONS 

The filter is used to reduce any high frequency noise 
present on the desired signal. Its characteristics are dic- 
tated by the floppy disk system parameters as well as the 
coupling requirements of the MC3470. The filter design 
parameters are affected by the read head characteristics, 
maximum and minimum slew rates, system transient 
response, systern delay distortion, filter center frequency, 
and other system parameters. This design criteria varies 
between manufacturers; consequently, the filter con- 
figuration also varies. The coupling requirements of the 
MC3470 are a result of the output structure of the gain 
stage and the input structure of the differentiator, and 
must be adhered to regardless of the filter configuration. 

The differentiator has an internal biasing network on 
each input. Therefore, any dc voltage applied to these 
inputs will perturbate the bias level. Disturbing the bias 
level does not affect the waveform at the differentiator 
inputs, but it does cause peak shifting in the digital output 
(Pin 10). Since the output of the gain stage has an associ- 
ated dc voltage level, it, as well as any biasing introduced 
in the filter, must be isolated from the differentiator via 
series blocking capacitors. The transient response is mini- 
mized if the blocking capacitors C and C’ are placed 
before the filter as shown in Figure 23a. The charging and 
discharging of C and C’ is controlled by the filter termina- 
tion resistor instead of the high input impedance of the 
differentiator. 

The filter design must also include the current-sinking 
capacity of the amplifier output. The current source in 
the output structure (see circuit schematic — Pins 16 
and 17) is guaranteed to sink a current of 2.8 mA. If the 
current requirement of the filter exceeds 2.8 mA, the cur- 
rent source will saturate, the output waveform will be 
distorted, and inaccurate peak detection will occur in 
the differentiator. Therefore, the total impedance of the 


filter must be greater than Zmjn as calculated from 
: (EnAVD) max 
min” 2.8 mA 


where Ep is the peak differential input voltage to the 
MC3470. 


TRANSIENT RESPONSE 

The worst-case transient response of the read channel 
occurs when dc switching at the amplifier input causes its 
output to be toggled. The de voltage changes are a con- 
sequence of diode switching that takes place when control 
is transferred from the write channel to the read channel. 

If the diode network is balanced, the dc change is a 
common mode input voltage to the amplifier. The switch- 
ing of an unbalanced diode network creates a differential 
input voltage and a corresponding amplified swing in the 
outputs. The output swing will charge the blocking 
capacitor resulting in peak shifting in the digital output 
until the transient has decayed. Eliminating the differential 
de changes at the amplifier input by matching the diode 
network or by coupling the read head to the amplifier via 
FET switches, as shown in Figure 23b, will minimize the 
filter transient response. 


FIGURE 23b — FET SWITCHES USED TO COUPLE THE R/W 
HEAD TO THE MC3470 
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Two of the advantages FET switches have over diode 

switching are: 

1. They isolate the read channel from dc voltage 
changes in the system; therefore, the transient 
response of the filter does not influence the system 
transient response. 

2. The low voltage drop across the FETs keeps the 
input signal below the amplifier’s internal clamp 
voltage; whereas, the voltage dropped across a diode 
switching network adds a dc bias to the input signal 
which may exceed the clamp voltage. 


AMPLIFIER GAIN 
For some floppy systems, it may become necessary 
to either reduce the gain of the amplifier or reduce the 


A 
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signal at the input to avoid exceeding the output swing. 


capability of the amplifier. The voltage gain of the ampli- 
fier can be reduced by putting a resistor in series with 
the capacitor between Pins 3 and 4 (Figure 14). The 
relationship between the gain and the external resistor is 
given by 
2 (ret Re) 
AVR = AVO "! 316, + Re) + Rext 


where AVo 8 voltage gain with the external resistor = 0, 
AVR a voltage gain with the external resistor in, 
Rext 4 the external resistor, and 
ret Re 4 the resistance looking into Pin 3 or Pin 4. 


Rext = 2{—— - 1 (re + Re). 
AVR 


A plot of (re + Re) versus temperature is shown in 
Figure 21. Figure 20 shows the normalized voltage gain 
versus temperature with the external resistor equal to 
500 onms. 


Thus, 


ACTIVE DIFFERENTIATOR 
The active differentiator in the MC3470 (simplified 
circuit shown in Figure 24), is implemented by coupling 


FIGURE 24 — ACTIVE DIFFERENTIATOR NETWORK 


the emitters of a differential amplifier with a capacitor 
resulting in a collector current that will be the derivative 
of the input voltage, 
| = Cdv/dt 
If the output voltage is taken across a resistor through 


which the collector current is flowing, the resulting volt- 
age will be the derivative of the input voltage. 


: dvin(t) 
Vo = 2Ric = 2RC——— 
” . dt 


Vo is applied to a comparator which will provide zero 


crossing detection of the current waveform. Since the 
capacitor shifts the current 90° from the input voltage, 
the comparator performs peak detection of the input 
voltage. 

The following terms will be used in determining the 
value of C to be used in the differentiator: 


Ep 4 peak differential voltage applied to MC3470 

amplifier input. 

Ep sin wt = voltage waveform applied to MC3470 
amplifier input (for purposes of discussion, 
assume a sine wave). 

AvVD 4 differential voltage gain of input amplifier. 

Vin(t) 4 differential voltage waveform applied to the 

differentiator inputs. 
=EpAvpsinwt (Note: The filter is assumed to 
be lossless.) 


ic(t) 4 current through capacitor Cp. 
Ro £ output resistance of Q1 (Q2) at Pin 12 (13). 


If vin(t) = EpAyvpsinwt, then the current through the 
capacitor Cp is given by 


ic(t) = CoDAVDEnwcoswt 
and Vo(t) = 2RCCpAVpEpwcoswt. 


Accurate zero crossing detection of Vo(t) [peak 
detection of vjn(t)] occurs when the current waveform 
ic(t) crosses through zero in a minimum amount of time. 
This condition is satisfied by maximizing current slew 
rate. For a given value of w, the maximum slew rate 
occurs for the maximum value of ic or coswt = 1. There- 
fore, 

Ic = CDAVD Epw 


The MC3470 current-sourcing capacity will determine 
the maximum value ic; therefore, Cp must be chosen such 
that the maximum ig occurs at the maximum AyDEpw 
product. 
icmax a 1mA 


(AVDEpw)max (120)(Epw) max 


lf the peak value specified for ig is exceeded,’ the 
current source (IQ in Figure 24) will saturate and distort 
the waveform at Pins 12 and 13. Consequently, the 
differentiator will not accurately locate the peaks and 
peak shifting will occur in the digital output. 

The effective output resistance RQ of Q1 (Q2) will 
create a pole (as shown in Figure 25) at 1/2RQCp. If 
this pole is ten times greater than the maximum operating 
frequency (Wmax), the phase shift approaches 84°. 
Locating the pole at a frequency much greater than 
10 Wmax needlessly extends the noise bandwidth thus: 


1 


2Ro = ——-_———_.. 
0 Cp 10 wmax 


If Ro is not large enough to satisfy this condition, a series 
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FIGURE 25 — RESPONSE OF DIFFERENTIATOR 
USING ONLY Cp 


io (t) 


AvpEpw 


WV in(t) 


resistor can be added so that 


1 


R=2R9+Rp =——_!_ 
0 D Cp 10 wmax 


To further reduce the noise bandwidth, a second pole 
can be added (as shown in Figure 26) by putting an 


FIGURE 26 — COMPLETE RESPONSE OF DIFFERENTIATOR 


——— oe ee ee 


CDAvVDEpw 


1 


Wmax 
ViLpCp 
inductor in series with the resistor and the capacitor. 
The values of R and L are determined by choosing the 
center frequency (Wo) and the damping ratio (5) to meet 
the systems requirements where 


1 


WV iA(t) 


Wo = 
VLCp 
RC 

§=——D 


2/LCp 


1 

VLCp 

where Cp is chosen for maximum ic as shown previously. 
Solving for L Gives: 

1 


L= 
100 Cp(wmay)2 
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Using this value for L Gives: 


10 CD(Wmax)2 


Solving for R Gives: 


2 
5 CED wmax 


The total resistance (R) is the effective Output resis- 
tance (RQ) plus the resistor added in the differentiator 
(Rp). Values of 6 from 0.3 to J produce satisfactory 
results. 


PEAK SHIFT CONSIDERATIONS 

Peak shift, resulting from current imbalance in the 
differentiator, offset voltage in the comparator, etc., can 
be eliminated by nulling the current in the emitters of 
the differentiator with a potentiometer as shown in 
Figure 27, 


FIGURE 27 — PEAK SHIFT COMPENSATION © 


The potentiometer across the differentiator components 
is adjusted until a symmetrical digital output cycle js 
obtained at Pin 10 for a sinusoidal input with the mini- 
mum anticipated Epw Product. 


DESIGN EQUATIONS FOR ONE-SHOTS 

As shown in Figure 28, the MC3470 input waveform 
may have distortion at zero crossing, which can result in 
false triggering of the digital output. The time domain 
filter in the MC3470 can be used to eliminate the distor- 
tion by Properly setting the period (t1) of the One-shot 
timing elements on Pins 6 and 7. The following equation 
will optimize immunity to this signal distortion at zero 
crossing of the read head signal. 

The timing equation for the time domain filter’s one- 
shot is: 

t7 =R1C1K1+T, 


where K 4 = 0.625, To = 200 ns. 


Actual time will be within +15% 
in the MC3470. 
If AT is the maximum period of distortion (see Figure 


of t1 due to variations 
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FIGURE 28 — WAVEFORMS THROUGH THE READ CIRCUIT 
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28), then choose t4 such that 


er a ee 


where T = Seece ans 
4f(max) 


the manufacturer, the coupling 
external wires is under the contro 
2 designs the integrated circul 


The designer should be fami 


procedures which will optimize the perfo 


device. See Figure 29. 


The width of the digital output pulse tg (Pin 10) is 


determined by 
t2 = RaC2K2 
where K2 = 0.625. 


Actual pulse width will be within 
variations in the MC3470. 


To preserve the specified accuracy of the MC3470, 


Ry, R2, C1, and C2 should remain 


in the ranges shown in 
the Electrical Characteristics. Also, to minimize current 


1. Build all circuits on printed circuit boards (inc 
breadboards). Transmission line th 
in a plane quite convincingly proves that coup 
three dimensions. 
he IC and over as much 


less than for round conductors in 
+15% of tg due to 9. Use a ground plane under t 
of the printed circuit board surface as possi 


exceeding practical limits. 


transients, it is important to keep the values of C1 and C2 of board. 


as small as is convenient. For ti = 


suggested good values for the capacitors are 


C1 = 250 pF 
C2 = 160 pF 


BOARD LAYOUT AND TESTING CONSIDERATIONS 
An LSI package has many input/output pins in close 


proximity, some carrying high level signals and others quency response, a special test jig s 
low level signals. As carefully as the on-chip isolation to reduce ground loops and coupling caused by instru- 
of the devices connected to these pins is implemented by mentation. Instrumentation test setups must 


ana icencctncnecnme oe 


M 


1 ps and t2 = 200 ns, 


in close proximity to the IC. 
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of signals or noise between 
| of the end-user who 
t into a piece of equipment. 
liar with the following layout 
rmance of the 


eory for flat conductors 


3. Avoid signal runs under the IC. Also avoid parallel 


runs of 1 inch or greater on the opposite or same side 
uF capacitors for 
from VcCci1 to 
to ground for each IC 
/4 inch or less and place 


4. Use monolithic ceramic 0.1 
decoupling power supply transients: one 
ground and one from VCC2 
package. Keep lead lengths to 1 


5. Keep all signal runs as shor 


hase jitter and fre- 
hould be designed 


When evaluating the device for Pp 
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at each test frequency and differential equipment 
utilized where required. A valid evaluation of the per- 
formance of any read amplifier chain requires considerable 
care and thought. 


FIGURE 29 — POWER AND GROUND DISTRIBUTION FOR 
MC3470 PRINTED CIRCUIT BOARD LAYOUT 
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Specifications and Applications 
Information : FLOPPY DISK 
i WRITE CONTROLLER 


FLOPPY DISK WRITE CONTROLLER/HEAD DRIVER (WITH ERASE DELAY) 
The MC3471 is a monolithic integrated Write Controller/Head 
Driver designed to provide the entire interface between the write 
data and head control signals and the heads (write and erase) for 
either Tunnel or-straddle-erase floppy disk systems. 

Provisions are made for selecting a range of accurately con- 
trolled write currents and for head selection during both read and 
write operation. Additionally, provisions are included for exter- 
nally adjusting degauss period, inner/outer track compensation, 
and the delay from write gate to erase turn-on and turn-off. 

Erase Delays are controlled by driving the delay inputs D1 and 
D2 with standard TTL open-collector logic (microprocessor com- 
patible) or by using the external RC mode in which case the delay 
is one 7 (K factor = 1.0). 

In addition, an Inhibit output is provided which indicates that P SUFFIX 
the heads are active during write, degauss, or erase. PLASTIC PACKAGE 


e Head Selection — Current Steering Through Write Head and CASE 738-02 
Erase Coil in Write Mode 


@ Adjustable On-Chip Delay of Erase Timing — Stable K Factor 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ Delay Pins Logic Compatible for Direct Microprocessor 
Compatibility 
Inhibit Output Provided to Disable Read or Step During Head 
Active Time PIN CONNECTIONS 
Provides High Impedance (Read Data Enable) During Read 


Mode 


Head Current (Write) Guaranteed +3% (3.0 mA using Rext = 
10 kQ) Center 


IRW Select Input Provides for Innter/Outer Track Compensation Tap 1 
Degauss Period Externally Adjustable 
Specified With Head Supply (Vgp) from 10.8 V to 26.4 V eee 
Minimizes External Components Tap'0 


VBB 


Erase @ 
BLOCK DIAGRAM 
Coil 


R-W1 RAW2 Gnd 


Erase 1 


Toggle 
Select 


Select 
Enable 


Current ; (Top View) 
Select 


Inhibit 


VRet !Ref WG 
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ABSOLUTE MAXIMUM RATINGS (Note 1) (Ta = 25°C) 
Rating 


Power Supply Voltage (Pin 14) 


Power Supply Voltage (Pin 19) 
Input Voltage (Pins 4, 5, 8, 13) 


Output Applied Voltage (Pin 10) 


Open-Collector Sink Current (Pin 10) 


Storage Temperature Tstg -55 to +150 
Operating Junction Temperature Ty 150 
Note1 ‘Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be 


guaranteed. They are not meant to imply that the devices should be operated at these limits The 
table of ‘Electrical Characteristics’ provides conditions for actual device operation 


RECOMMENDED OPERATING CONDITIONS 


Rating 
Power Supply Voltage (Pin 14) +4.75 to +5.25 
Power Supply Voltage (Pin 19) oe i +10.8 to +264 
Operating Ambient Temperature Range Oto +70 


ELECTRICAL CHARACTERISTICS (Ty, = Oto+ 70°C, Vcc =4.75to 5.25 V, Veg = 10.8to 26.4 V unless otherwise noted. Typicals given 
for Vcc = 5.0 V, Vag = 12 V and Ta = 25°C unless otherwise noted.) 


DIGITAL INPUT VOLTAGES 


VBB IBB 15 30 
(Vcc = 4.75 V) 
VIL — 0.8 V 


Low Level Input Voltage 4,8, 13 
(Vcc = 5.25 V) 

Input Clamp Voltage 4,5, 8,13 VIK -0.87 -1.5 V 
(lq = -12 mA) 

Positive Threshold 5 VT(+) 1.5 1.75 2.0 V 
(Vcc = 9.0) 

Negative Threshold 5 VT(-) 0.7 0.98 1.3 V 
(Vcc = 5.0) 

Hysteresis (VT(+) - Vt(-)) VHTS V 
Ta = O°C to +70°C 5 0.2 — _ 
Ta = 25°C 0.4 0.76 —= 

DIGITAL INPUT CURRENTS 

High Level Input Current 4,5, 8, 13 NH _ 0.1 40 uA 
(Vcc = 5.25 V, Vag = 26.4 V, V| = 2.4 V) 

Low Level Input Current 4,5, 8,13 He mA 


(Vcc = 5.25 V, VBB = 26.4 V, Ta = 25°C unless 


noted below) —_ — -1.6 
VBB = 12 V 4 — 0.36 _— 
VBB = 24V 4 = 0.76 = 
Vcc = 5.0 V 5 _ 0.46 — 
Vcc = 5.0 V 8, 13 — 0.39 — 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 0 to + 70°C, Vcc = 4.75 to 5.25 V, Vag = 10.8 to 26.4 V unless otherwise 
noted. Typicals given for Vcc = 5.0 V, Vag = 12 V and Ta = 25°C unless otherwise noted.) 


| [ Characteristics | Pins | Symbol | Min | Typ | Max | Unit | 


CENTER-TAP and ERASE OUTPUTS 


Output High Voltage (See Figure 14) 18, 20 VOH Vep-1.5 | Vep-1.0 V 
(loH = —100 mA, Vcc = 4.75 V) 
VBB = 10.8 to 26.4 V 
Output Low Voltage (See Figure 14) 18, 20 VOL mV 
(lo, = 1.0 mA) 
Vep=12V = 70 150 
Vep= 24V _ 70 150 
Output High Leakage Current 15,17 IOH — 0.01 100 uA 
(VOH = 24V, Vcc = 4.75 V, Veg = 24 V) 


Output Low Voltage (See Figure 15) 15; 17 VOL V 
(lol = 90 mA, Vcc = 4.75 V) 


VBB = 12 V 0.27 0.60 
VBB = 24V 027 0 60 


DIGITAL OUTPUT LEVEL (Inhibit) 


High Level Output Current 
(VOH = 7.0 V, Vcc = 4.75 V) 


Low Level Output Voltage 
(lol = 4.0 mA, Vcc = 4.75 V) 


CURRENT SOURCE 


Reference Voltage 
(Voltage Pin 1 - Voltage Pin 2) 

Bias Voltage 
(VOH = 30 V) 


Saturation Voltage 
(Veg =12V) 


Current Sink Compliance 
(For Vg 7=40V to 24V, VwG= 08 V) 


Average Value Write Current 
(Pin 6 + lPin 7) 
2 

@ IR/w= lLow. R= 10k IR/W(L) 
Ta = 25°C 2.91 
Ta = 0 to +70°C a 
@ Irvw= lLow. R= 5.0k 
Ta = 25°C 5.64 
Ta = 0 to +70°C ee 551 
@ IR/w=!Hi R= 10k (IH = Low + % ILow) AIR/W(H) 
Ta = 25°C 31.3 
Ta=0to+70°C 30.3 


for Veg = 10.8 to 26.4 V) 


mA 


% 


Difference in Write Current 6,7 IR/WA mA 


(IPin 6 - IPin 7! 
@ IR/w = ILow. VBpB = 10.8 V to 26.4 V) 
R=10k 
Ta = 28°C 7 
Ta = 0 to +70°C = 
R=5.0k 
Ta = 25°C 7 
Ta = Oto +70°C “3 
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ERASE DELAY ACCURACY (Vcc = 4.75 to 5.25 V, Ta = 0 to +70°C, Vpp = 10.8 to 26.4 V, — refer to Figure 9.) 


Delay Error, Pin 11, 12 
D1,D2=RC +Ep, 2, 30kN<RK< 300kKN. 


AC SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 
noted.) 


25°C, Vag = 24V, IRws = 0.4 and IR~w = 3.0 mA unless otherwise 


Characteristics (Note 2) fin (Note 3) Min Typ Max Unit 
1. Delay from Head Select going low through 0.8 V to CTO | HS, Pin 13 — 1.6 40 us 
going high through 20 V. 
2. Delay from Head Select going low through 0.8 V to CT1 HS, Pin 13 _ ; 2.1 4.0 uS 
going low through 1.0 V. 
3. Delay from Head Select going high through 2.0 V to CTO| HS, Pin 13 — 1.7 40 
going low through 1.0 V. 
4. Delay from Head Select going high through 2.0 V to CT1] HS, Pin 13 — 1.4 40 
going high through 20 V. 
5. Delay from WG going low through 0.8 V to CTO WG, Pin 4 — a ke 4.0 
going low through 1.0 V. ; 
6. Delay from WG going low through 0.8 V to CT1 WG, Pin 4 = 08 4.0 


going high through 20 V. 


7. Delay from WG going low through 0.8 V to CTO 
going high through 20 V. 


8. Delay from WG going low through 0.8 V to CT1 
going low through 1.0 V. 


on. 


_ 9. After WG goes high, delay from R/W1 turning off 
through 10% to CT@ going high through 20 V. 
10. After WG goes high, delay from R/W1 turning off 
through 10% to CT1 going low through 1.0 V. 

11. After WG goes high, delay from R/W2 turning off 
through 10% to CT® going low through 1.0 V. 


12. After WG goes high, delay from R/W2 turning off 
through 10% to CT1 going high through 20 V. 


13. After WG goes low, delay from CTO going low through 
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WG going low. 


. Write Data low Hold Time 


. Write Data high Hold Time 


. Delay from WG going high through 2.0 V 
to R/W 1 turning off through 10% of on value. 


_— ns 
1.0 V to R/W1 turning on through 10%. 

14. After WG goes low, delay from CT1 going low through — ns 
1.0 V to R/W2 turning on through 10%. 

15. After WG goes low, fall time (10% to 90%) of R/W1. 200 ns 

16. After WG goes low, fall time (10% to 90%) of R/W2. 200 ns 

17 Setup time, Head Select going low before oar us 

— “ns 

— ns 


. Delay from WG going low thru 0.8 V 
to Inhibit going low thru 0.5 V (Note 5) 
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. After WG goes high, delay from R/W1 turning off 
thru 10% to Inhibit going high thru 1.5 V (10k pullup 
on Inhibit, Note 5) 


_ After WG goes high, delay from E71 going high thru 
23 V to Inhibit going high thru 1.5 V (10 k pullup 
on Inhibit, Note 5) 


Note 2: Test numbers refer to encircled numbers in Figures 3 & 16. 
Note 3: AC test waveforms applied to the designated pins as follows: 


Note 4: 22. or 23., whichever produces the longer delay, will control! Inhibit. HS, Pin 13 


20 750 — ns 


20 750 = 


3 
Nn 


Amplitude Duty Cycle 
HS, 0.4to24V 50% 
WG, Pin 4 04to24V 50% 
WD, Pin 5 O2to24V 50% 
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AC SWITCHING CHARACTERISTICS (continued) 
(Vcc = 5.0 V, Ta = 25°C, Veg = 24 V, WG = 04 unless otherwise noted) 


Characteristics (Note 4) 


1. Delay from Write Data going low through 0.9 V to R/W1 
turning on through 50%. 


2. Delay skew, difference of R/W1 turning off and R/W2 
turning on through 50% after Write Data going low 
through 0.9 V. 


. Delay from Write Data going low through 0.9 V to R/W1 
turning off through 50%. 


. Delay skew, difference of R/W1 turning on and R/W2 
turning off 50% after Write Data going low 
through 0.9 V. 


. Fall time, 10% to 90%, of R/W1 

. Fall time, 10% to 90%, of R/W2 
. Rise time, 90% to 10%, of R/W1 
. Rise time, 90% to 10%, of R/W2 


Note 5: Test numbers refer to encircled numbers in Figures 2 & 15. 
fin = 1.0 MHz, 50% Duty Cycle and Amplitude of 0.2 V to 2.4 V. 


PIN DESCRIPTION TABLE 


Name Symbol Pin Description 


Head Select HS 13 | Head Select input selects between the head I/O pins; center-tap, erase, and read/write. A 
HIGH selects Head 0 and a LOW selects Head 1. 


Write Gate WG 4 | Write Gate input selects the mode of operation. HIGH selects the read mode, while LOW selects 
the Write Control mode and forces the write current. 


Write Data WD 5 | Write Data input controls the turn on/off of the write current. The internal divide-by-two flip-flop 
toggles on the negative going edge of this input to direct the current alternately to the two 


halves of the head coils. 


IRW Select IRWS 8 | IRW Select input selects the amount of write current to be used. When LOW, the current equals 
the value found in Figure 5, according to the external resistor. When HIGH, the current equals 


the low current + 33%. 


A resistor between these pins sets the write current. (Refer to Figure 4.) A capacitor from 
VRef to Gnd will adjust the Degauss period. 


Center-Tap 0 Center-Tap @ output is connected to the center tap of Head 0. It will be pulled to Gnd or Veg 


(+12 or +24) depending on mode and head selection. 


oO 
4 
S 
| gin 


m 
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Erase 0 Erase @ will be LOW for writing on Head @, and floating for other conditions. 


Center-Tap 1 Center-Tap 1 output is connected to the center tap of Head 1. It will be pulled to Gnd or Vgp (+12 or 


+24) depending on mode and head selection. 


Erase 1 will be LOW for writing on Head 1, and floating for other conditions. 


R/W2 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W1. It will be connected to one side of the heads. 


R/W1 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W2. It will be connected to one side of the heads. 


+5.0 V Power 


— = No 


19 | +12 Vor+ 24 V Power 
16 | Coil grounds 
Gnd 3 | Reference and logic ground 
Delay 1 D1 12 | Erase Turn-On Delay adjust (RC or Logic) 
Delay 2 D2 11 Erase Turn-Off Delay adjust (RC or Logic) - 
Inhibit Inhibit 10 | Active low open-collector output provided to indicate heads are active in the write, degauss or erase 


mode. (Used for step or read inhibit.) 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-120 


MC3471P 


FIGURE 1 — LOGIC DIAGRAM 
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Gate 4 
17 £0 
15 Aq 
IRWS 
8 20 CT1 
CTO 
18 
Head 
Select 13 
ane 
Be . > *External Component ae 
O oc — open collector Inhibit 
eam: 


FIGURE 2 — R/W1 AND R/W2 RELATIONSHIP 
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FIGURE 3 — AC TIMING DIAGRAM 
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APPLICATION INFORMATION 


The MC3471P serves as a complete interface between 
the Write Control functional signals (Head Select, Write 
Data, Write Gate and inner track compensation, IRWS) 
and the head itself. A typical configuration is shown in 
Figure 4. Lpe’s are erase coils. 


WRITE CURRENT SELECTION 


Although the MC3471P has been specified for 3.0 mA 
write current (with a 10 kO external resistor), a range of 
write current values can be chosen by varying Rext using 
the plot in Figure 5. This current can also be derived using 


30 
Rext(kO) 


IRef, the current flowing in Rex (required only for dis- 
sipation calculations) can be worst case using the fact 
that the differential voltage between Pins 1 and 2 (VRef) 
shown in Figure 3 never exceeds 5.0 volts. With a low 
value of Rext = 1.0 kX, Pp = 25 mW. 


the relationship lwrite (mA) = 


FIGURE 5 — WRITE CURRENT versus Rext 


WRITE CURRENT — Ip/wy and Ipvw2 (mA) 


EXTERNAL SET RESISTOR — Royt (kQ) 


WRITE CURRENT DAMPING 


Referring to Figure 4, resistors Rp are used to dampen 
any ringing that results from applying the relatively fast 
risetime write current pulse to the inductive head load. 
Values chosen will be a funciton of head characteristics 
and the desired damping. Rp serves as a common pullup 
resistor to the head supply Veg. 


DEGAUSS PERIOD 


Degauss of the read/write head can be accomplished at 
the end of each write operation by attaching a capacitor 
from Pin 1 to ground. The time relationship that results is 
shown in Figure 7. Asimplified diagram of this function ts 
shown in Figure 6. 

While WG is low, the selected write current flows into 
Pin Gor Pin 7(R/W1 or R/W2) and is mirrored through the 
external resistor, Rext. The degauss capacitor, CpG, will 
be charged to approximately 5.7 volts. After WG goes high, 
the voltage on CpG begins to decay toward 0.7 V. When 
the voltage reaches the comparator threshold of 1.7 V, the 
comparator output triggers the internal logic to completely 
turn off the write current. At this point, the pulse amplitude 
on the R/W1 and R/W2 pins has returned to 10% of its 
maximum value. , 


2700 pF 


CAPACITANCE — Cpg (pF) 


Figure 7, Degauss Period shows the relationship 
between CpG and Degauss Period for Rext = 10k. This 
period is equal to the exponential delay time for the voltage 
as mentioned plus internal delay times. 


FIGURE 6 — SIMPLIFIED DEGAUSS CIRCUIT 


VBB 


to Internal 


Logic 
10k og! 


Rext 


FIGURE 7 — DEGAUSS PERIOD versus 
CAPACITANCE (Cpa) 


DEGAUSS PERIOD (ys) 


POWER-UP WRITE CURRENT CONTROL 

During power-up, under certain conditions (VBB 
comes up first while WG is low), there can be a write 
current transient on Pins 6 and 7 (R/W1 and R/W2) of 
sufficient magnitude to cause writing to occur if the 
head is loaded. 

This transient can be eliminated by placing a capacitor 
from Pin 2 to ground. This also delays the write current 
when WG goes low and this delay must be accounted 
for when the capacitor on Pin 2 is used. The delay is 3.0 
us for a 2700 pF capacitor, and Rext = 10 kf. Values 
up to 7000 pF may be used. 


Rext MC3471 


5.0% 3 
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ERASE DELAY 


The MC3471P can be used with both straddle and 
tunnel erase heads. When using the tunnel erase heads, 
it is necessary to delay the erase current in time with 
respect to WG due to the physical placement of the 
erase gap behind the R/W gap on the heads. The amount 
of delay required depends upon the disk rotation ve- 
locity, recording density and format. Turn-on delay and 
turn-off delay must also be independent to guarantee 
erase is on for the entire block. 

Nominal delays of 500 us turn-on; and 1.0 ms turn- 
off are available by adjusting the value of R1, R2 and 
C1, C2 shown in Figure 4. These delays are adjustable 
over a broad range as shown in Figure 9 to achieve any 
practical delay required. By using 5% capacitors and 1% 
resistors, total timing accuracy is better than + 15% over 
temperature and supply. Timing is shown in Figure 10. 

In applications using logic or microprocessor con- 
trolled delays, the D1 and D2 inputs can be used directly 
to turn-on and turn-off the erase current. (Controlling 
outputs should be Open-collector w/10 k pullup). Figure 
11 shows the relative timing involved for the micropro- 
cessor and logic controlled applications. 

In straddle erase systems, the erase delays can be 
eliminated by pulling D1 and D2 high thru a 10 kQ. pullup 
resistor to +5.0 V. 


FIGURE 9 — TYPICAL WG TO E@, 1 DELAY versus RC 
* SE St 
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08 Ft FH 
= 6g 1 PAT 
re ea a ee ee 
iy BRBETEi he ae ee Sees 
plecd=a ed Ue iis espe |e eee 
0 Oo: : 05 1.0 12 15 2.0 

30kKON<R<300kN ~ td 


ERASE CURRENT 


The value of Re, the erase current set resistor, is found 
by referring to Figure 12 and selecting the desired erase 
current. 

Looking at the simplified erase current path in Figure 
12, when writing, CT@ will be high (VOH(min) = 
22.5 V) and EQ will be low (VOL(max) = 0.6 V). If the 
erase coil resistance is 10 9 and 40 mA of erase current 
is desired then: 


(Re + 10 0)x 40 mA = (22.5 —0.6) V 


or 
21.9V 
RE = ooaa 100 = 537 O 
Pp = (537) (0.04)2 = 0.86 W 


This gives the minimum value Re for worst case Voy/ 
VoL conditions. It is also recommended that a diode be 
used as indicated for inductive back emf suppression. 


FIGURE 10 — DELAY INPUT FUNCTION/TIMING 
WITH RC ELEMENTS 


Turn-Off —» 
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FIGURE 11 — DELAY INPUT FUNCTION/TIMING 
WITH LOGIC CONTROL 
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FIGURE 12 — ERASE CURRENT 
(RE Selection) 
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FIGURE 13 — TYPICAL DUAL HEAD FLOPPY DISK SYSTEM USING 
FET GATE READ CHANNEL SELECTION AND MC3471/MC3470A 
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TEST FIGURES 


FIGURE 14 — CENTER TAP OUTPUT VOLTAGE 
(PINS 18 AND 20) 


CONDITIONS 
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VT 


VoH (P18) 


VoH (P20) 


10mA 


Voi (P18) 


| vou (P20) 


FIGURE 15 — ERASE OUTPUT LOW VOLTAGE 
(PINS 15 AND 17) 
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FIGURE 16 — TIMING TEST CIRCUIT 
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= AF ok 8 
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Inhibit 18 
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ae 
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Diodes Type 1N4934 
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Specifications and Applications 
Information 


MEMORY CONTROLLER FOR 16 PIN 4K, 16K 
AND 64K DYNAMIC RAMs 


The memory controller chip is designed to greatly simplify the 
interface logic required to control the popular 16 pin multiplexed 
dynamic NMOS RAMs in a microprocessor system such as the 
M6800. The controller will generate, on command from the micro- 
processor, the proper timing signals required to successfully transfer 
data between the microprocessor and the NMOS memories. The 
controller, in conjunction with an oscillator, will also generate the 
necessary signals required to insure that the dynamic memories are 
refreshed for the retention of data. 


@ Greatly Simplify the MPU-Dynamic Memory Interface 
Reduce Package Count and System Access/Cycle Times 30% 
Chip Enable for Expansion to Larger Word Capacity 


Generate 1 of 4 RAS Signals for an Optimum 16K/64K 
Memory System 


High Input Impedance for Minimum Loading of MPU Bus 
Schottky TTL Technology for High Performance 
Useful with 4K and 16K and Future Expanded Dynamic RAMs 


BLOCK DIAGRAM 


MC3232A/ 
MC3242A 
Address Row Enable 
Control 
Signals Logic Refresh Enable 
From 
MP.U 


A12/14 Address 
A13/15 Decode 


MPU 
Interface 
And 


Memory 

Ref Cik Control 

Refresh . 
Ref Grant Logic Logic 

Ref Request = : 

cE 

MC - 

RW - 


MC t1t2 t3 t4 t5 


Several methods may be employed to generate the required time delay: 
1. One shots 
High frequency counters _ 
High frequency shift registers 
. Delay lines 
. Signals from MPU Clock 


MC3480 © 


DYNAMIC 
MEMORY CONTROLLER 


SCHOTTKY MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623-05 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649-03 


PIN CONNECTIONS 


Ref Clk 

Ref Request 
Ref Grant 
A12/14 


A13/15_ 


RAS 1 


See Pin Descriptions 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


[Rating «YS 


| Power Supply Voltage 
Input Voltage 


Output Voltage 


Operating Ambient Temperature 
Storage Temperature 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the 

| device cannot be guaranteed. They are not meant to imply that the devices should 

. be operated at these limits. The table of ‘Electrical Characteristics” provides 
conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage Vcc +4,50 to +5.50 
Operating Ambient Temperature Range TA 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over recommended power supply and temperature 
a= ranges.) 


Characteristic 
Input Voltage — Low Logic State VIL 


Input Voltage — High Logic State 


Input Current — Low Logic State Ne 
(Vit = 0O5V) - 


Input Current — High Logic State = (Vjpy = 2.7 V) — UH 
(Vin = 5.5 V) 


Input Clamp Voltages VIK 
(liK = 18 mA) 


= 
> 


S 
jo) 
> 


Output Voltage — Low Logic State 
(lIo_ = 24 mA for RAS, CAS, and RW) 
(lo, = 8.0 mA for Row En, Ref En, MC, Ref Req) 


Output Voltage — High Logic State 


(IQH =-1.0 mA for RAS, CAS, and R/W) __ 3.0 
(loH = -0.4 mA for Row En, Ref En, and MC) 2.4 
1IOH = -0.2 mA for Ref Req 2.4 


(Note: Ref Req output has internal 5.0 k 
resistive pullup to Vcc.) 


Power Supply Current — During R/W or Refresh lcc 

— During Idle ; 

Output Short-Circuit Current los 
Cae ween Le ob aie | 


o°O =l3 
oO o1 alo 


FIGURE 1 — TYPICAL tptT713 and4 (HIGH TO LOW) versus 
LOAD CAPACITANCE — RAS, CAS and R/W 


tpt 1, PROPAGATION DELAY TIME (ns) 


0 100 200 300 400 500 
C,, LOAD CAPACITANCE (pF) 
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SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0 V, Ta = 25°C 


symbol | Min | typ | Max |_Unit__ 


Propagation Delay Times (Full AC Load — All Outputs) 
MC to MC — Low to High tPLH(MC) 
MC to MC — High to Low tPHL(MC) 


ti to RAS 


t2 to Row En 


t3 to CAS 
t4 to RW 
t5 to CAS 


tPT1 
tpT2 
tPT3 
tpT4 
tPT5C 


to RAS tpT5R 
to R/W tPT5W 
to Row En (Refresh) tPT5ER 
to Row En (RW) tPT5E 
to Refresh En tPT5F 
Ref Clk to Ref Req tpco 
Ref Grant to Row En \ tPGS 
to Ref En 
t1 to Ref Req (Ref only) Note 2 tpTQ 


Setup Times (Full AC Load — All Pins) 
Ref Clk before Ref Grant tsu(RC) 
A12, A13 before t1 tsu(A) 
R /W Input before t4 tsu(R/W) 
CE before t1 tsu(CE) 
Ref Grant before t1 tsu(RG) 


Hold Times (Full AC Load — All Pins) 
A12, A13 after t5 th(A) 
CE after t1 th(CE} 
R/W after t4 th(R W) 
MC Rising after t1 Rising th(MC) 


Minimum Delay Times (Note 2 — Full AC Load — All Pins) 
t1 Low to High to t2 Low to High 
t1 Low to High to t4 Low to High 
t2 Low to High to t3 Low to High 
t3 Low to High to tS Low to High 


Minimum Pulse Widths 
tl through t5 twL(t) 
tWH(t) 
MC tw(MC) 
Ref Grant tw(RG) 


Note 2: Ref. Req. has an internal 5.0 kQ pullup to Vcc. If faster propagation delay is required (tpTQ), then an external registor can be added in parallel 
to the internal one to decrease the propagation delay. The value of resistance needed is a function of the capacitive loaded connection to Ref. 
Req. The minimum value of R that can be used is 5.0 V/8.0 mA = 625 2, assuming there are no other dc loads connected to that pin. 


Note 3: If delays between t1-t5 are less than the minimum specified, the succeeding outputs may not switch. 


AC LOADS (Note 4) 


R/W and CAS Outputs 450 pF to Gnd* 
RAS Outputs 150 pF to Gnd* 
MC, Row En, Ref En, and Ref Req Outputs 15 pF to Gnd* 


*Includes probe and jig capacitance. 
Note 4: All outputs can drive larger capacitive loads than those shown 
with a small decrease in speed. See Figure 1. 
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PIN DESCRIPTION TABLE 


Row Address Strobe pins which connect to each of the dynamic RAMs to latch in row address on memory chips. 
Decoded to 1 of 4 during R/W cycle. All 4 go low during refresh cycle. 


lcas  *| 11 | Column Address Strobe pin which connects to each dynamic RAM to latch in column address. 


This pin signals the dynamic RAM whether the RAM is to be read from or written into. 


Row Enable output which goes to the MC3232A (MC3242A). It signals the Address Multiplexer that the lower half 
(Row Addresses) or the upper half (Column Addresses) of the address lines are to be multiplexed into the dynamic 
RAM address inputs. A Logic 1 on this output indicates the Row Addresses, and a Logic 0 indicates Column Addresses. 


Refresh Enable output. A Logic 1 signals the Address Multiplexer that a refresh cycle is to be done, and a Logic 0 
indicates that address multiplexing should be done. 
Chip Enable Input. A Logic 1 on this pin disables all chip functions, except that of Refresh and the MC output. CE must 
be low during t1 low to high transition to initiate R/W cycle. Once t1 is initiated, the cycle is independent of CE. 


The Read/Write input pin receives information from the M6800 MPU as to the direction of data exchange in the 


R/W In 7 
a Pat dynamic RAM. It transmits a Logic 0 to the R/W output for a Write Cycle and a Logic 1 for a Read Cycle. 


A13(A15) 17 Upper Order Address lines from the M6800. These two inputs decode to four signals controlling the four RAS outputs. 
A12(A14) | 18 A14 and A15 apply to 16K RAMs. 
MC 23 


Memory Clock input from MC6875 clock or other signal source. The rising edge of MC must occur after the rising 

edge of t1 to avoid aborting the refresh cycle. When MC rises, it resets an internal flag that will terminate refresh at the end 
of the current cycle. Failure to reset the flag forces the 3480 to refresh every cycle thereafter. MC can be connected to 

t2 or t3 in noncritical applications. 

The buffered complement output of MC. It is a buffered output which may be used to drive the circuitry creating the 
time delays used on inputs t1 through t5. 


e 


These pins use external timing inputs to sequentially select the outputs to be enabled. They are positive-edge triggered 
inputs. Assuming a Read/Write cycle is to be executed, a positive edge on t1 forces a logic 0 on one of the four RAS 
outputs as determined by the A12/14, A13/15 inputs. After a delay, a positive edge on t2 causes Row En to go toa 
Logic 0, providing address-multiplexing information to the MC3232A or MC3242A. t3 enables the CAS output and it 
goes low. t4 enables the R/W output and it goes low, assuming the R/W input was low. t5 resets all the outputs to a 
Logic 1 (with the exception of MC, Ref En, and Ref Req). The inputs t1, t2, t3, and t5 are daisy-chained, so they must 
be sequentially driven to obtain the desired output signals. t4 can be driven at any time after t1. 


2 
3 
4 
5 
6 
Ref Clk The 32 kHz (64 kHz) Refresh Clock signals this pin that another refresh cycle is required. It is a positive-edge triggered 


Ref Req 


Ref Grant 19 


input, and upon triggering, the Ref Req pin goes to a Logic 0. 
The Refresh Request output acts as an input to the MPU system, requesting a refresh cycle. This output has 
a5 kQ pullup resistor to the Vcc supply to allow wire-ORing if desired. 


tt et at et = 
OWN — 5S 


Through the Refresh Grant input, the MC6875 initiates a refresh cycle. This input is positive-edge triggered and is 
enabled only after the Ref Req pin has gone low. This allows the MC3480 to discern between a Refresh Grant or a 
DMA Grant even though they appear on the same line. When employing both dynamic memory (refresh) and DMA 
in a microprocessor-based system with a combined Refresh/DMA Request control on the clock, provision must be 
made for holding off a DMA request during a refresh period (and visa versa). If this provision is not made, clock 
stretching (cycle stealing) will continue indefinitely and dynamic microprocessor data will be lost. The positive edge 
on Ref Grant causes Row En output to go low and Ref En output to go high. This signals the MC3232A (MC3242A) 
that a refresh address is required. The refresh cycle occurs with the succeeding pulses on t1-tS. A positive edge on t1 
causes Ref Req to go high and all the RAS outputs to go low. A positive going edge on t2 causes no change in the 
outputs, since it controls the address multiplexing (Row En) during the Read/Write cycles. There is no output change 
when t3 and t4 go high because no CAS or R/W signal is needed during refresh. A positive edge on t5 resets the RAS 
and Row En toa Logic 1 state, and Ref En to a Logic 0 state, ready for the next Read/Write cycle. 


Vec +5.0 V supply. A 0.1 uF capacitor is recommended to bypass pin 24 to ground. 
Gnd System Ground. 


*These outputs are designed to drive the highly capacitive inputs of multiple dynamic RAMs/(150 pF for RAS outputs, and 450 pF for CAS 
and R/W outputs). Consequently, these outputs have no short-circuit limit and must be handled accordingly. Good high capacitance load 
driving techniques usually include a 10 9 or greater series damping resistor. It is highly recommended that this be done on RAS, CAS and 
R/W outputs of the MC3480. The effect of these series damping resistors on rise and fall times must be included in timing considerations. 


NOTE: All other outputs are LS/TTL totem-pole configuration unless otherwise noted. 
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TIME DELAY INFORMATION 


TIMING REQUIREMENT CONSTRAINTS 


Atl Minimum is determined by MPU Address Delay (tap), plus RAM Row Address Set-Up Time (tasp), minus MC3480 
Propagation Delay (tp). 


At2 - Atl Minimum is determined by RAM Row Address Hold Time (tray) minus the minimum MC3232A/3242A Row Enable to 
Output Delay (toon). 


At3-At2 Minimum is determined by RAM Column Address Set-Up Time (tasc minimum) Plus maximum MC3232A/3242A Row 
Enable to Output Delay (tqg1max). 


At4 - At3 No Minimum 


At5- At3 Minimum is determined by RAM minimum CAS Pulse Width (tcag) or Access Time from CAS (tcc) plus Data Set-Up Time 
of MPU (tpspr). 


AtS- At4 = Minimum is determined by the RAM minimum Write Pulse Width (typ). 


Note: Also required in computing time delays are the various delays incurred by the particular delay scheme used; i.e., delays between 
4x fg, 2 x fo, and fg from the MC6875 which are used as inputs or the gate delays of the gates used in Figures 5A through 5C. 


TYPICAL APPLICATION 
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU 


Note: Numbers in parenthesis indicate 
Part types or values for 16K x 1 RAMs 
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FIGURE 2 — READ/WRITE TIMING CYCLE 
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FIGURE 3 — REFRESH TIMING CYCLE 
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APPLICATIONS INFORMATION 


GENERAL DESCRIPTION 


The MC3480 uses five general timing inputs in place of 
a master clock with on-chip timing generation. This gives 
the system designer optimum flexibility in interfacing 
with the various microprocessor families and dynamic 
memories that are available. In simpler slow speed 


systems, the timing signals required can be directly 
obtained from those available from the microprocessor. In 
systems requiring high speed memory/microprocessor 
cycle times, timing input t1-t5 can be obtained using 
delay lines or a range of techniques as shown in Figures 4 
thru 8. It is only necessary to maintain the time delay 
relationships shown under time delay information. 


FIGURE 4 — UNIVERSAL TIME DELAY USING MC6875 
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NOTE: t4 can be tied to t3 instead of 2f,, 
giving a longer write pulse width. 


neat TT REESE . a . 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-134 


MC3480 


FIGURE 5 — ALTERNATE TIME DELAYS USING MC6875 
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FIGURE 5C — ALTERNATE TIME DELAYS USING MC6875 
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NOTE: MC of MC3480 is delayed by 
two gate delays after t1 to 
satisfy MC after t1 Hold Time, 
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FIGURE 6 — ONE SHOT TIME DELAY METHOD 
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CAS 


2 MC9602s 


NOTE: t4 can be tied to t3 and the 
4th 1-shot can be used 
elsewhere. 
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FIGURE 7 — DELAY LINE TIME DELAY METHOD 
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or Suitable 
Clock Signal 
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Address 6-A11 
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FIGURE 8 — DELAY LINE TIME DELAY (ALTERNATE METHOD) 


READ/WRITE CYCLE 


AM 


AO - AS 
(AQ - A6) 


TTD 


REFRESH CONSIDERATIONS 

The MC3480/MC3232A (MC3242A) memory control 
system can be used with either cycle steal or transparent 
refresh methods. Figure 9 shows one transparent tech- 
rique employing refresh during $2 low in an M6800 
microprocessor-based system. Using this technique requires 
that the memory be capable of completing a Read/Write 
Cycle and a Refresh Cycle sequentially during the M6800 
cycle. The minimum cycle time at the time of printing for 
dynamic multiplexed RAMs is 320 ns, therefore limiting 
the microprocessor to 1.56 MHz operation. The D flip- 
flops of Figure 9 produce a trigger at the beginning of 
both $1 and $2. For a 1.0 MHz system, the t1-t5 inputs 
should be adjusted for the following delays: 


RAS falls at 150 ns (triggered by t1) 

Row En falls at 250 ns (triggered by t2) 
CAS, R/W falls at 300 ns (triggered by t3) 
t5 rises at 500 ns. 


A delay line could be used to generate t1-t5 in place of 


A6 - All 
(A7 - A713) 


a 
: 


| 


Memory Clock 
From MC6875 
or other Suitable 
Clock Signal 

O 


MC3480 
RAM 
Controller 


| 


r— 


NOTE: MC of MC3480 is delayed by 
two gate delays after t1 to 
satisfy MC after t1 Hold Time, 


th(MC)- 


~N 


the four monostables. For the 1.0 MHz system, it would 
require either two 5 tap delay lines with 50 ns per tap or a 
10 tap line with 50 ns/tap. For use with a 600 kHz 
system, a delay line with 5 taps of 150 ns each could be 
used. For this case: 

RAS falls at 150 ns 

Row En falls at 300 ns 

CAS, RW falls at 450 ns 

t5 rises at 750 ns 

Figure 10 shows typical refresh oscillator configurations 
for both 32 kHz(fREF min for 4K) and 64 kHz (fREFMin 
for 16K). In the case of transparent refresh, if the designer 
is not concerned with power consumption, the refresh 
oscillator may be eliminated and the Ref Clk input con- 
nected to the MC input yielding a refresh every #1. 

For DMA operation combined with cycle stealing 
refresh, care must be taken not to allow a DMA request 
during a Refresh Request/Grant period and to hold off a 
refresh during a DMA operation. See comments under pin 
descriptions, Pin 19. 


eens SS sss ss ssh Ra ssh WSU hts 
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FIGURE 9 — EXAMPLE OF ¢2 LOW METHOD OF HIDDEN REFRESH 
USING MC3480 AND 4K RAMS 
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MPU Bus and Logic 
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* This inverter can be eliminated and the clock 
input of ‘’D” Flip-Flop #2 connected to MC 
on the MPU Bus. The inverter is used to 
provide minimum loading of the MC line when 
multiple connections are made to that line ina 
large system. 
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FIGURE 10 — SUGGESTED 32 kHz OSCILLATORS 
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MiC3485 MOTOROLA 


Advance Information IBM 360/370 


QUAD LINE DRIVER 


QUAD SINGLE-ENDED LINE DRIVER SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3481 and MC3485 are quad single-ended line drivers 
specifically designed to meet the IBM 360/370 I/O specification 
(GA22-6974-3). 

Output levels are guaranteed over the full range of output load 
and fault conditions. Compliance with the IBM requirements for 
fault protection, flagging, and power up/power down protection for 
the bus make this an ideal line driver for party line operations. 

Separate Enable and Fault Flags — MC3481 

Common Enable and Fault Flag — MC3485 


Power Up/Down Does Not Disturb Bus 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620-02 


Schottky Circuitry for High-Speed — PNP Inputs P SUFFIX 
Internal Bootstraps for Faster Rise Times , PLASTIC PACKAGE 
Driver Output Current Foldback Protection CASE 648-05 


MC3485 has LS Totem Pole Driver Output 


MC3481 MC3485 
DUAL ENABLE COMMON ENABLE 
INDIVIDUAL FAULT FLAG COMMON FAULT FLAG 


Driver OutputA ee Vec 
Driver Output A | “A it Driver Output D 
* j 


a: Driver Output D 
ives ies 
FL ye Fault Flag 

| c- (Open Collector) 
. S Input C 


3 | Driver Output C 
| tll 
| Driver Output C | | Driver Output C 


| Fault Flag C 


TYPICAL APPLICATION 


1/4 MC3481 or 
1/4 MC3485 
~ 1/7 MC75125/7 
1/8 MC75128/9 
Coaxial 
Cable 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC3481, MC3485 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 


Power Supply Voltage 


High Level Output Current 


Operating Ambient Temperature Range 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ratings. Typical values measured at Ta = 25°C and Vcc = +5.0 V) 


MC3481 MC3485 


Characteristic Symbol Min Typ Unit 


High-Level Input Voltage Note 2 VIH 


Low-Level Input Voltage Note 2 


e 
> 


High-Level Input Current 
(Vcc = 4.5 V, Vip = 2.7 V) - Input 
Enable 
(Vec = 4.5 V, Vip = 5.5 V) - Input 
Enable 


Low-Level Input Current 
(Vcc = 5.95 V, Vit = 0.4 V) - Input 
Enable 


Input Clamp Voltage 
(lc = -18 mA) 


High-Level Driver Output Voltage 
(Vcc = 4.5 V, Vin = 2.0 V, Igy = -59.3 mA) 
(Vcc = 5.25 V, Vip = 2.0 V, IoH = -41 mA) 


a 
o>) 


wo 2 N 
on ‘o) 
pf peer dip 


Low-Level Driver Output Voltage 
(Vcc = 5.5 V, Vit = 0.8 V, lot = -240 pA) 
(Vcc = 5.95 V, Vit = 0.8 V, lot = -1.0 mA) 
Driver Output Short Circuit Current 


(Vcc = 5.5 V, Vip = 2.0 V, Vog =0V) 
(Veco = 5.95 V. Vip = 2.0 V, Vog=O0V) 


Driver Output Reverse Leakage Current 
(Vcc = 4.5 V, Vi = OV, Vg = 3.11 V) 
(Vcc =OV,ViL=OV, Vo = 3.11 V) 


High-Level Driver Output Voltage 
(Vec=4.5V, Vit = 0.8 V, IQH = -400 pA) 


=e 


3 ‘= 


Low-Level Driver Output Voltage V 
(Vcc = 4.5 V, ViH = 2.0 V, loy = +8.0 mA) 
Driver Output Short Circuit Current mA 


(Vcc = 5.5 V, Vag = 0 V, only one output shorted 
at a time) 

(Vcc = 5.95 V, Vos = OV, only one output shorted 
at a time) 


High-Level Fault Flag Output Voltage 
(Vcc = 4.5 V, IOH = -400 pA) 

Low-Level Fault Flag Output Voltage 
(Vcc = 4.5 V, Vip = 2.0 V, lo, = +8.0 mA, 
Driver Output shorted to Ground 


ae 
on 


Fault Flag Output Short Circuit Current 
(Vcc = 5.5 V, Vos = OV, only one output shorted 
ata time) 
(Vcc = 5.95 V, Vos = OV, only one output shorted 
at a time} 


lOS(F) 


lOS(FS) 


High-Level Fault Flag Output Current 
(Vcc = 5.95 V, VoH = 5.95 V) 


High-Level Power Supply Current 
(Vcc = 5.5 V, Vip = 2.0 V, no output loading) 
(Vcc = 5.95 V, Vip = 2.0 V, no output loading) 


aa 

ag 
3 
> 


| 


Low-Level Power Supply Current 
(Vcc = 5.5 V, Vi_ = 0.8 V, no output loading) ICcL 
(Vcc = 9.95 V, Vit = 0.8 V, no output loading) ICCLS 


ao 
Ee 
=| 
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MC3481, MC3485 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 
Power Supply Voltage 
Input Voltage 
Driver Output Voltage | 


Power Dissipation (Package Limitation) 


Derate Above Ta = 25°C 


Operating Ambient Temperature Range 


Junction Temperature 


Storage Temperature Range 


Symbol Value Unit 


ee Ee ee 


Ceramic Package 
Plastic Package 


: 
mW 


Ceramic Package 
Plastic Package 


Ty +175 
+150 


SWITCHING CHARACTERISTICS (See Note 1. Unless otherwise noted, these specifications apply over recommended temperature 
range. 1/O Driver characteristics are guaranteed for Vcc = 5.0 V+10% and Select-Out Driver characteristics are guaranteed for Vcc = 5.25 
to 5.95 V. Typical values measured at Ta = 25°C and Vcc = 5.0 V. See Tables 1 and 2, Figures 1 and 2 for load conditions.) 


Characteristics 


Propagation Delay Time 
High-to-Low-Level, Driver Output 
As |/0O Driver 
As Select-Out Driver 
Low-to-High-Level, Driver Output 
As |/O Driver 
As Select-Out Driver 
High-to-Low-Level, Driver Output 
As I/O Driver 
As Select-Out Driver 
Low-to-High-Level, Driver Output 
As |/O Driver 
As Select-Out Driver 


As |/0 Driver 
As Select-Out Driver 


As I/O Driver 
As Select-Out Driver 


High-to-Low-Level, Fault Flag — MC3481 


Low-to-High-Level, Fault Flag — MC3481 


Ratio of Propagation Delay Times 
As |/O Driver 


ns 

tPHL(D) = 18 = 
tPHL(DS) = 19 = 
tPLH(D) = 20 = 
tPLH(DS) os 2] ss 
tPHL(D) me 25 cs 
tPHL(DS) = 26 a 
tPLH(D) = 25 = 
tPLH(DS) = 26 = 
tPHL(F) = 45 = 
tPHL(FS) We 47 = 
tPLH(F) ae 40 7 
tPLH(FS) = 42 = 
tPLH(D) = 1.0 ae 
tPHL(D) 


Note 1. Reference IBM specification GA22-6974-3 for test terminology. 


2. The fault protection circuitry of the MC3481/85 requires relatively clean input voltage waveforms for current operation. Noise pulses which enter the 
threshold region (0.8 to 2.0 V) may cause the output to enter the fault protect mode. To exit the protect mode, it is necessary to gate an input of the 


effected driver to the low logic state. 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-144 


MC3481, MC3485 


FIGURE 1 — MC3481 AC TEST CIRCUIT AND WAVEFORMS 


~ Fault Flag Check 
ViIH=3.0V x 


Enable 


Input Driver Output 


Se an ee 2.0 k 
Fault Flag 


Output 


* Load Capacitance shown includes 
Fixture and Probe Capacitance 


Driver Application 


Input Pulse Width 


'TLH tTHL 


109 SSS 
Input ei ao 
10% 10% 
0 Vv (9) 6) ie) 
Normal 
PLH(D) 'PHL(D) Operation 
tPLH(DS) tPHL(DS) 
VOH 
Driver Output 
Table 1 
0.5V 
tPHL(F) tPLH(F) 
tPHL(FS) tPLH(FS) Driver 
Sutaies pie Short 
Fault Flag cat 
1.3V Operation 
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FIGURE 2 — MC3485 AC TEST CIRCUIT AND WAVEFORMS 


+5.0V 


ViH = 3.0 V Driver Output Ry = 2.0k 


O (All Diodes are MMD7000 or equivalent) 


>a 


on ae 
(a) 50 RL /| j *5.0V 


FRCL = 15 pF 


O Driver Output 


Bee: O Fault Flag Output 
an CL = 15 pF* 


* Load Capacitance shown includes 
Fixture and Probe Capacitance 


t See Table 2 


Table Driver Application 
1/0 Select-Out 


3.11 V 3.9V 
5 MHz 1 MHz 


Input Frequency 


Input Pulse Width 100 ns 500 ns 


Input Amplitude OVto4V OVto4V 


Input tTLH <6 ns <6 ns 


Input tTHL 


<6 ns <6 ns 


Load Resistance (R_;) 50 90 


tTLH tTHL 
1 SS 
90% 90% 
Input a) P.W. ee 
N 10% 
OV 
'PLH(D) tPLH(D) 
tPLH(DS) tPLH(DS) 
V 
Driver Output On Nene) 
Table 2 Operation 
0.5V 
tPHL(DS) tPLH(D) 
tPHL(D) tPLH(DS) 
Driver Output 13V 1.3V 
tPHL(F) tPLH(F) 
Driver 
Short 
aan Circuit 
Fault Flag : Operation 
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OCTAL THREE-STATE BUFFER/LATCH 


This series of devices combines four features usually found 
desirable in bus-oriented systems: 1) High impedance logic inputs 
insure that these devices do not seriously load the 
bus; 2) Three-state logic configuration allows buffers not being 
utilized to be effectively removed from the bus; 3) Schottky 
technology allows for high-speed: operation; 4) 48 mA _ drive 
capability. 

Inverting and Non-Inverting Options of Data 

SN74S373 Function Pinouts 

Eight Transparent Latches/Buffers in a Single Package 

Full Parallel-Access for Loading and Reloading 

Buffered Control Inputs 

All Inputs Have Hysteresis to Improve Noise Rejection 

‘High Speed — 8.0 ns (Typ) 

Three-State Logic Configuration 

Single +5 V Power Supply Requirement 

Compatible with 74S Logic or M6800 Microprocessor Systems 


High Impedance PNP Inputs Assure Minimal Loading of the Bus 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
Gnd+5V 41 ¢2 
@ © @ ) 


M6800 
MPU 


MC8T26A/MC6880A 
Bus Extender 


Address 
and 
Control 
Bus 


MC6860 a 
Modem 


MC3482A/MC6882A 
MC3482B/MC6882B 


OCTAL THREE-STATE 
BUFFER/LATCH 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
CASE 732-03 


INPUT EQUIVALENT 
CIRCUIT 


Om eee 


OUTPUT EQUIVALENT 
CIRCUIT 


Voc 


ORDERING INFORMATION 


(Temperature Range for the following 
devices = 0 to + 75°C.) 


| Device | Alternate | Package 
MC3482AL | MC6882AL 
MC3482BL MC6882BL | Ceramic DIP _| 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


[_StS~=«*R ating’ —SSSCS~S*~S*SC~*drCS mbt [Valve Unit 

[Power Supply Voltage ———SSSCS~—~S~CS~S Sc =| «CV e— 

Pinput Voltage SSCS Yi CC 

| Operating Ambient Temperature Range | TA | Oto +75 | OC 
fe) 


Storage Temperature Range ste ~65 to +150 eee 2 


Vi 
Ta 


': Operating Junction Temperature 


Ceramic Package 


Character istic 
| Input Voltage — High Logic State 
(Vcc = 4.75 V, Ta = 25°C) 
Input Voltage — Low Logic State 
(Vcc = 4.75 V, Ta = 25°C) 
Input Current — High Logic State 
(Vcc = 5.25 V, Vip = 2.4 V) 
Input Current — Low Logic State 
(Vcc = 5.25 V, Vit = 0.5 V,ViL(OE) = 0.5 V) 
Output Voltage — High Logic State 
(Voc = 4.75 V, lon = -20 mA) 


| Output Voltage — Low Logic State VOL 
| (lop = 48 mA) 


Output Current — High !mpedance State 
(Voc = 5.25 V, Vou = 2.4 V) 
(Vcc = 5.25 V, Voz = 0.5 V) 
Output Short-Circuit Current. _ 
(Vcc = 5.25 V, Vo = 0) (only one output can be shorted at a time) 
Power Supply Current MC3482A/MC6882A 
(Voc = 5.25 V) MC3482B/MC6882B 


Input Clamp Voltage 
(Voc = 4.75 V, lik = -12 mA) 


MC3482A/ MC3482B/ 
Characteristics Symbol MC6882A MC6882B 


Propagation Delay Times 
Data to Output 
Low to High tPLH(D) 
Cy = 50 pF 
Ci = 250 pF 
C, = 375 pF 
Cy = 500 pF 
High to Low tPHL(D) 
Cy = 50 pF 
C. = 250 pF 
C. = 375 pF 
C,_ = 500 pF 
Propagation Delay Times 
Latch Disable (Low to High) 
to Output 
Low to High tPLH(L) 
Cy = 50 pF 
High to Low tPHLIL) 
C. = 50 pF 
Propagation Delay Times 
(Cy = 20 pF) 
High Output Level to High Impedance tPpHZ(OE) 
Low Output to High Impedance tpLZ(OE) 
High Impedance to High Output tPZH(OE) 
High Impedance to Low Output tpZL(OE) 
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AC SETUP CHARACTERISTICS (Vcc = 5.0 V,0°C < Ta < +75°C, unless otherwise noted, typical @ T, = 25°C.) 
MC3482A/ MC3482B/ 

| Min | Typ | Max | Min | Typ | Max _| 

ic ere A NM ll ad 
(Data to Negative Going Latch Enable) 

Como muciiuen fC a ee eae 
(Data to Negative Going Latch Enable) 

(High or Low) 


Characteristic 


PIN CONNECTIONS AND FRUTH TABLES 


MC3482A/MC6882A MC3482B/MC6882B 


Output 
Enable 


Output 
Enable Latch 


en ea 
Fe eee ae ee 
a 


aes 
ae ae 
| oo | Xx 

| x | x | 2 


1 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-149 


MC3482A, MC3482B, MC6882A, MC6882B 


FIGURE 2 — WAVEFORMS FOR PROPAGATION DELAY 


FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS TIMES DATA TO OUTPUT 
To Scope 3 °V 
To Scope (input) Output 
Closed for . 
Input or tpLZ(OE), tPZL(GE) only Input oy 
Enable +5 V tPHL(D) tPLH(D) 
eoww—o — YOu 


1k Output 
MC3482A/MC6882A 
1N3064 Sarma 1° |G 
Pulse or Equivalent tPLH(D) tPHL(D) 
Generator VOH 
Output 
MC3482B/MC6882B y, 
= 1.0k Closed for ‘a, OL 
C,_ Includes Probe and I tpH2(OE),tPZH(GE) only input Pulse Conditions 
Jig Capacitance la eee < 5ns 
= z 


FIGURE 3 — WAVE FORMS FOR AC SETUP AND 
LATCH DISABLE TO OUTPUT DELAY 


tsu(D) th(D) 


tPLH(D) 


Output 1.5V 1.5V 


FIGURE 4 — WAVEFORMS FOR PROPAGATION DELAY 
TIMES — OUTPUT ENABLE TO OUTPUT 


a a 
Output Enabie ere ty Lt) A Ly a 


tpZL(OE) 7 tPLZ(OE) tPZH(OE) tpHZ(OE) 


Output ~ 5.0 V 1.5V 1a" 15V \ 
VoL VoL+0.5V VoH~ 0.5 V a 
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(AA) MOTOROLA 


QUAD RS-422/423 LINE RECEIVER 


Motorola’s Quad RS-422/3 Receiver features four independent 
receiver chains which comply with EIA Standards for the Electrical 
Characteristics of Balanced/Unbalanced Voltage Digital Interface 
Circuits. Receiver outputs are 74LS compatible, three-state struc- 
tures which are forced to a high impedance state when the ap- 
propriate output control pin reachs a logic zero condition. A PNP 
device buffers each output control pin to assure minimum loading 
for either logic one or logic zero inputs. In addition, each receiver 
chain has internal hysteresis circuitry to improve noise margin 
and discourage output instability for slowly changing input wav- 
eforms. A summary of MC3486 features include: 


e@ Four Independent Receiver Chains 
@ Three-State Outputs 


@ High Impedance Output Control Inputs 
(PIA Compatible) 


@ Internal Hysteresis —30 mV (Typ) @ Zero Volts Common Mode 
e Fast Propagation Times — 25 ns (Typ) 

@ TTL Compatible 
e 
e 


Single 5.0 V Supply Voltage 
DS 3486 Provides Second Source 


RECEIVER CHAIN BLOCK DIAGRAM 


Three-State 
Differential Control} 


Inputs Input 
Input 
Network 


Level 
molifi 


Output 


MC3486 


QUAD RS-422/3 LINE RECEIVER 
WITH THREE-STATE 
OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


ORDERING INFORMATION 


DEVICE | TEMPERATURE RANGE | PACKAGE 
MC3486L 0 to +70°C Ceramic DIP 
MC3486P 0 to +70°C Plastic DIP 
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MC3486 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Output Sink Current 
Storage Temperature 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Note 1: ‘“Absolute Maximum Ratings’ are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the devices should be oper- 
ated at these limits. The ‘Table of Electrical Characteristics’ provides conditions for 
actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted minimum and maximum limits apply over recommended temperature and 
power supply voltage ranges. Typical values are for Tp = 25°C, Voc = 5.0 V and Vi K=O V. See 


Note 1.) 
Input Voltage — High Logic State VI 
(Three-State Control) 
Input Voltage — Low Logic State VIL 


(Three-State Control) 


Differential Input Threshold Voltage (Note 4) 
(-7.0V <Vic < 7.0 V, Viy = 2.0 V) 
(19 = -0.4 mA, Vou > 2.7 V) 
(Io =8.0 mA, VoL > 0.5 V) 
Input Bias Current 
(Vcc = 0 V or 5.25) (Other Inputs at 0 V) 


502 
ty XN 


(Vj =-10 V) 
(V} =-3.0 V) 
(V; =+3.0 V) 


(Vj; =+10V) 
Input Balance and Output Level 
(-70V<Vic<7.0V, Viy =2.0V, 
See Note 3) 
(lq =—-0.4 mA, Vip = 0.4 V) 
(Iq = 8.0 mA, Vip = -0.4 V) 
Output Third State Leakage Current 
(Vi(pD) = +3.0 V, Vi_ = 0.8 V, VoL = 0.5 V) 
(Vi(D) = 3.0 V, Viz = 0.8 V, VOH = 2.7 V) 
Output Short-Circuit Current 
(Vi(p) = 3.0 V, Vin = 2.0 V, Vo =O V) 
See Note 2) 
Input Current — Low Logic State 
(Three-State Control) 
(Vip = 0.5 V) 
Input Current — High Logic State 
(Three-State Control) 
(Vip = 2.7 V) 
(Vip = 5.25 V) 
Input Clamp Diode Voltage 


(Three-State Control) 
(lik = -~10 mA) 


Power Supply Current 
(Vip =O V) 
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SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0 V and Ta = 25°C.) 


Symbol 


Propagation Delay Time — Differential 
Inputs to Output 
(Output High to Low) tPHL(D) 
(Output Low to High) tPLH(D) 
Propagation Delay time — Three-State 
Control to Output 
(Output Low to Third State) 
(Output High to Third State) 
(Output Third State to High) 
(Output Third State to Low) 


NOTES: 

1. Ail currents into device pins are shown as positive, out of device 3. Refer to EIA RS422/3 for exact conditions. Input balance and 
pins are negative. Alt voltages referenced to ground unless guaranteed output levels are done simultaneously for worst case. 
otherwise noted. 4. Differential input threshold voltage and guaranteed output 

2. Only one output at a time should be shorted. levels are done simultaneously for worst case. 

FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 
Propagation Delay Differential Input to Output 
To Scope To Scope 
(Input) (Output) 3.0 V 
Ov 
Differential tPLH(D tPLH(D) 
C. = 15 pF VOH 
Pulse (Includes Probe Output £'1.3 Vv 1.3V 
= VOL 
Generator and Stray Bye Se ea 
Capacitance) {Input Pulse Characteristics 
3-State Control tTLH = trHL = 6.0 ns (10% to 90%) 
= 0, 
41.5V 4+2.0V PRR = 1.0 MHz, 50% Duty Cycle 
FIGURE 2 — PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT 
Input Pulse Characteristics To Scope 


trLH = tTHL = 6.0 ns (10% to 90%) (Input) 3-State 
PRR = 1.0 MHz, 50% Duty Cycle Control 


To Scope 
(Output) 


Pulse 
Generator 
+5.0 V 
+1.5 V for tpyyz7 andtpzy} o-——_—__-—-@ 
-1.5 V fort andt All Diodes 1N916 or 
PLZ roe Differential val 
Inputs Equivalent 
Cy. = 15 pF 
(Includes 


Probe and Stray 
Capacitance) 


1.5 V| SW1 Closed 
SW1 Closed Oov-- SW2 Closed 
tpLz2 SW2 Closed tPHZ 


Sey le VOH 0.5 V 
Output Eout 
VoL 0.5 Vv 1.3 V———— 


SW1 Closed 


Input 4 1.5 V sw1 Open nEvt oe SW2 Open 
Ov SW2 Closed t 
tPZH oon 
Yak ~5.0 V - Vgge——_ 
Output 1.5V 
ON See OP ere aa Ov 
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QUAD LINE DRIVER WITH 
THREE-STATE OUTPUTS 


Motorola’s Quad RS-422 Driver features four independent 
driver chains which comply with EIA Standards for the Electrical 
Characteristics of Balanced Voltage Digital Interface Circuits. The 
outputs are three-state structures which are forced to a high 
impedance state when the appropriate output control pin reaches 
a logic zero condition. All input pins are PNP buffered to minimize 
input loading for either logic one or logic zero inputs. In addition, 
internal circuitry assures a high impedance output state during 
the transition between power up and power down. A summary 
of MC3487 features include: 


Four Independent Driver Chains 

Three-State Outputs | 
PNP High Impedance Inputs (PIA Compatible) 
Fast Propagation Times (Typ 15 ns) 

TTL Compatible 

Single 5 V Supply Voltage 

Output Rise and Fall Times Less Than 20 ns 
DS 3487 Provides Second Source 


DRIVER BLOCK DIAGRAM 


Non-Inverting 


Input Outputs 


Inverting 


Output 
Control 


(AA) MOTOROLA 


QUAD RS-422 LINE DRIVER 
WITH THREE-STATE 
OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


InputA 1 18 Veg 
: 15 Input D 
Outputs al p 
3 "4\ 6 
A/B Control 4 13 utputs D 


5 12 C/D Control 
Outputs B{ 
6 
Input B 7 
Gnd 8 9 Input C 


1 
O 
‘al utputs C 


TRUTH TABLE 


Control Non-Inverting | inverting 
Input Output Output 


H H L 
H L H 
L Z Z 


L = Low Logic State 

H = High Logic State 

X = Irrelevant 

2 = Third-State (High Impedance) 


H 
L 
Xx 
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*ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage 


input Voltage 
Operating Ambient Temperature Range 
Ty 


Operating Junction Temperature Range 
Ceramic Package 
Plastic Package 


Storage Temperature Range 


*""Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant toimply that the devices should be operated at these limits. 
The ‘Table of Electrical Characteristics’’ provides conditions for actual device operation. 


ELECTRICAL CHARACTERISTICS (Untess otherwise noted specifications apply 4.75 V < Vcc < 5.25 V and 0°C < Ty < 70°C. 
Typical values measured at Vcc = 5.0 V, and Ta = 25°C.) 


[characteristic sd Symon 
Input Voltage — Low Logic State 
Input Voltage — High Logic State 
" eo 
Input Clamp Voltage 
(11.¢=-18 mA) 
Output Voltage — Low Logic State VOL 
(lo. = 48 mA) 
Output Voltage — High Logic State VOH 2.5 
(19H = -20 mA) 
Output Short-Circuit Current los 
(Vip = 2.0 Vv) 2 
Output Leakage Current — Hi-Z State 1OL(Z) 
(Vit =0.5 V, Vit(z) = 0.8 V) 
(Vi = 2.7 V, ViL(z) = 0.8 V) 


< 
x= 

es 

ro) 


Input Current — Low Logic State 
(Vit = 0.5 V) 
Input Current — High Logic State 
(Vip = 2.7 V) 
(Vip = 5.5 V) 


Output Leakage Current — Power OFF 
(VOH =6.0V, Vcc =0V) 
(VoL = -0.25 V, Vcc = 0 V) 

[Output Differential Voltage Diferencet | laVonl | 


Power Supply Current 
(Control Pins = Gnd)3 
(Control Pins = 2.0 V) 


1. See EIA Specification RS-422 for exact test conditions. 
2. Only one output may be shorted at a time. 
3. Circuit in three-state condition. 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


Propagation Delay Times 

High to Low Output 
Low to High Output 
Output Transition Times — Differential 

High to Low Output 
Low to High Output 
Propagation Delay — Control to Output 


(RL = 200 2, Cy = 50 pF) tPHZ(E) 
(Ry = 200 2, Cy, = 80 pF) tPLZ(E) 
(Ry =, CL = 50 pF) | TPZH(E) 


(Ry = 200 2, Cy, = 50 pF) tTPZL(E) 
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FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT 
AND WAVEFORMS 


3.0 V or Gnd 


To Scope (Input) Input 
Inv 


Output Open for tpz1(—) Test Only 


Pulse generator characteristics 
Zo = 502 


PRR = 1.0 MHz 
Non-tnv 
Output 


Control 
1N3064 
or Equivalent 


50% Duty Cycle 


tTLH: tTHL SS ns 


Pulse 
Generator 


Open for 
tp2L(eE) Test Only 
C, Includes Probe and 
Jig Capacitance = 


3.0 V 
Control 
Input 


Control 
Input 


teZL(E) 


Output 


Output 
tPZH(E) 


Output 


FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO 
OUTPUT WAVEFORMS AND TEST CIRCUIT 


Scope 
(Output) 


Scope 
(Input) ie 
Output 


1/4 
MC3487 


- Pulse 
Generator Non-Inv 
Output “Tt 1N914 or 
ii = 50 pF Equivalent 


Pulse generator characteristics 
Zo = 502 " Control 
PRR = 1.0 MHz 3.0V 


50% Duty Cycle 


Ci includes probe 
and jig capacitance 


tTLH: tTHL S 5 ns 


Input 


Output 


tPLH 


Output 
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FIGURE 3 — OUTPUT TRANSITION TIMES TEST CIRCUIT AND WAVEFORMS 


Scope 
Input 
3.0 V 
Scope Input 
R = 
Toe a 2 Output 
—= 15pF 10 (Differential) ov 
TTHL 
CL 
3.0V = C_ includes probe Output 
= and jig capacitance 


Pulse generator characteristics 
Zo = 502 
PRR = 1.0 MHz 
50% Duty Cycle 


tTLH: tTHL S558 


FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOLTAGE 


lo. OUTPUT CURRENT (mA) 


Von, OUTPUT VOLTAGE (VOLTS) 


(Differential) 


FIGURE 5 — OUTPUT SINK CURRENT versus OUTPUT VOLTAGE 


Ig, OUTPUT SINK CURRENT-LOW (mA) 


0 100 200 300 400 500 600 700 = 800 
Vo, OUTPUT VOLTAGE-LOW (mV) 


en 
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DUAL RS-423/RS-232C LINE DRIVERS 


The MC3488A and MC3488B dual single-ended line drivers have 
been designed to satisfy the requirements of EIA standards RS- 
423 and RS-232C, as well as CCITT X.26, X.28 and Federal Stan- 
dard FIDS1030. They are suitable for use where signal wave shap- 
ing is desired and the output load resistance is greater than 450 
ohms. Output slew rates are adjustable from 1.0 us to 100 us by 
a single external resistor. Output level and slew rate are insen- 
sitive to power supply variations. Input undershoot diodes limit 
transients below ground and output current limiting is provided 
in both output states. 

The MC3488A has a standard 1.5 V input logic threshold for 
TTL or NMOS compatibility. The MC3488B input logic threshold 
is set at Vcc/2 for use with CMOS logic systems. 


PNP Buffered Inputs to Minimize Input Loading 
Short Circuit Protection 

Adjustable Slew Rate Limiting 

Option of Either 1.5 V or Vcc/2 Input Threshold 
MC3488A Equivalent to 9636A 


Output Levels and Siew Rates are Insensitive to Power Supply 
Voltages 


No External Blocking Diode Required for Veg Supply 
Second Source pA9636A 


TYPICAL APPLICATION 
Wave Shape 


Control 


MC3488A Driver 
RS-423 Interface 


TTL Logic 


Wave Shape 
Control 


MC3488B Driver RS-423 Interface 


CMOS Logic 


MOTOROLA 


DUAL 
RS-423/RS-232C 
DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


U SUFFIX r 
8 


CERAMIC PACKAGE 


CASE 693-02 


PIN CONNECTIONS 


MC3486 
Three-State Receiver 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


Power Supply Voltages 


Output Current 
Source 
Sink 


Operating Ambient Temperature | oT; | Oto +70 


Junction Temperature Range 
’ Ceramic Package 
Plastic Package 


Storage Temperature Range —65 to +150 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the devices should be operated 
at these limits. The “Table of Electrical Characteristics” provides conditions for actual 
device operation. 


RECOMMENDED OPERATING CONDITION 


Symbol | Min__| Typ | Max 
Power Supply Voltages Vcc 10.8 12 13.2 
a] - a 2 = oa ee ie 8 


| Operating Temperature Range | Temperature Range | Ta | 
. Sees 


TARGET ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over recommended operating 


conditions) 


Wave Shaping Resistor 


Input Voltage — Low Logic State 
MC3488A 
MC3488B 


Input Voltage — High Logic State 
MC3488A 
MC3488B 


Input Current — High Logic State 
(Vip, = 2.4 V MC3488A; ViH = 10V MC3488B) 
(Vin, = 5.5 V MC3488A; ViH = Vcc MC3488B) 


Input Clamp Diode Voltage 
(lik = —15 mA) 


Output Voltage — Low Logic State 


(RL = ~) RS-423 
(RL. = 3.0kQ) RS-232C 
(RL = 4509)  RS-423 


Output Voltage — High Logic State 
(RL = ~) RS-423 
(Ri = 3.0kQ) RS-232C 
(Rp = 4500) RS-423 


Output Short-Circuit Current (Note 2) 

(Vin = Vout = 0 V) 

(Vin = VIH(Min), Vout = 9 V) 
Output Leakage Current (Note 3) 

(Vcc = VEE = OV, -6.0 V < Vo < 6.0 V) 
Power Supply Currents 

(Rw = 100 kQ, Rp = ~, VIL < Vin = VIH) 


Note 2: One output shorted at a time. 
3: No Veg diode required. 
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TRANSITION TIMES (Unless otherwise noted, C_ = 30 pF, f = 1.0 kHz, Vcc = —VEE = 12.0V + 10%, Ta = 25°C, RL = 450 
. Transition times measured 10% to 90% and 90% to 10%) 


| = 10k) 
100 kQ) 


(Rw = 1000 kQ) 


Transition Time, High-to-Low State Output 
(Ry = 10 kQ) 
(Rw = 100 kQ) 
| (Ry = 500 kQ) 
(Ry = 1000 kf) 


FIGURE 1 — TEST CIRCUIT & WAVEFORMS 
. FOR TRANSITION TIMES 


To 
Scope Scope 
(Input) (Output) 


Pulse 
Generator Cy 


(Includes 
f = 1.0 kHz Probe and Jig 
Pw = 500 us Capacitance) 


Note: Input Rise 
and Fall Times 
3.0V _ (MC3488A) “a 10%-80%) 
or 12.0 V (MC3488B) < 10 ns MC3488A 


< 30 ns MC3488B 


Input 
OV 
VOH 


OV 
Output 


VOL 


1000 


Alii 


BS St MSA mee we 


WAVE SHAPE RESISTOR, Ry (kQ) 


PT TTT PNG TTT 


an 
ro LI mB 


TRANSITION TIMES, tTLH/tTHL (xs) 
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FIGURE 3 — INPUT/OUTPUT CHARACTERISTICS versus TEMPERATURE 


MC3488B 


MC3488A 


a LPT Ceca 
fe) ie} fe} 

NM 
RE ) | 


| | 
(SLIOA) JOVLIOA LNdLNO 3° 


5.0 


4, 


Vin, INPUT cornice (VOLTS) 


FIGURE 4 — MC3488A/B OUTPUT CURRENT versus OUTPUT VOLTAGE 


POWER-OFF 


POWER-ON 


aq 
= 
=| 
> 
Il 
=| 
> 


(vw) INSHYND LAdLNO 4° 


Vout, OUTPUT VOLTAGE (VOLTS) 


Vout: OUTPUT VOLTAGE (VOLTS) 


FIGURE 5 — SUPPLY CURRENT versus 


FIGURE 6 — RISE/FALL TIME versus Ryws 


TEMPERATURE 
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Rws, WAVE SHAPING RESISTANCE (Q) 


Ta, AMBIENT aie (°C) 
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Mc3491_ (MA) MOTOROLA 


SEGMENT DRIVER FOR 
GAS-DISCHARGE DISPLAYS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


EIGHT-SEGMENT VISUAL DISPLAY DRIVER | 


The MC3491 is an eight-segment cathode driver for use with 
gas-discharge displays, such as the Burroughs’ Panaplex®, Beck- 
man, Cherry or Diacon types. The device is directly compatible 
with MOS logic outputs due to its low 300 pA input current 
requirement. . 

All eight driver output currents are simultaneously programm- 
able by selection of a single external resistor. As programmed, 
all eight currents match to within typically 1% of each other. 

The device provides dc restoration. It is specified for a minimum 
breaxdown voltage of 120 V. 


@ High Breakdown Voltage — 120 V Min 
e Drives Seven Cathode Segments plus Decimal Point 


L SUFFIX 
CERAMIC PACKAGE 
CASE 726-01 


PIN CONNECTIONS 
Programming 


Current LJ te] Output 1 


Output 2 
Output 3 
Output 4 
Output 5 
Output 6 
Output 7 


5 


@ All Currents Simultaneously Programmable with One Resistor 
@ Pin-for-Pin and Functionally Equivalent to DM8889 
@ Output Current/Programming Current Ratio — Typically 4.25:1 


aa 
abe 


Wg 


ORDERING INFORMATION 


DEVICE | TEMPERATURE RANGE |PACKAGE 


MC3491L 0 to +70°C Ceramic 
DIP 


MOS Clock 
or Calculator 
Chip 


Segment 
Outputs | 
0.1 uF 


250 V 


Gas-Discharge 
Visual Display 


Segments 
(Cathodes) 


8-390 k 


* Vcc is tied to the 
most positive levels 
of the MOS circuit 
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MAXIMUM RATINGS (Unless otherwise noted, Ta = 25°C) 


Symbol 
Output OFF Voltage VO(off) 150 tet 
(Current Limited to 0.5 mA) 
Output ON Voltage VO(on) V 
(Current Limited to 2.0 mA) 
FinputVoltagesssi—<i—s—sSCS (ie ae ee ee ee ee ee 
Programming Current ee a 
eee 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Ta = 0°C to + 70°C, Vcc < 120 V, Typ @ 25°C, Pin 10 = Gnd. All 
voltages with respect to Gnd.) - 


Input Current (Vin = 7.0 V) 
(ViH = 3.5 V) 


Input Clamp Voltage 
(lik = —1.0 mA) 


Output OFF Current mae 0.05 1.0 
(ViL = 0.9 V, Vo = 120 V) 

‘Output ON Current (Vin = 3.5 V, Vout = 20 V) 350 425 550 
pres = 100 pA) 800 1490 1700 

= 350 pA) 

= ore Current Matching 
(All eight outputs) 

Output Voltage Compliance Range 


(See Figure 3) 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 2 — OUTPUT CURRENT versus FIGURE 3 — OUTPUT CURRENT versus OUTPUT VOLTAGE 
PROGRAMMING CURRENT (Ta = 25°C) (ViH = 7.0 V, Ta = 25°C) 


ic CO ee CEE Sa SS FU Ga FS 


= ET 500 
Z Z 
or <= 400 
3 3 
5 5 300 
oO 
S © 200 
100 
2.4 a ee ee ee 
0 ee 
0 100 200 300 400 30 40 50 60 70 
lorog: PROGRAMMING CURRENT (2A) "V6 OUTPUT VOLTAGE (VOLTS} 
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TYPICAL PERFORMANCE CHARACTERISTICS 


| FIGURE 4 — TYPICAL INPUT CURRENT AND OUTPUT FIGURE 5 — TYPICAL PROGRAMMING CURRENT versus 


VOLTAGE versus. INPUT VOLTAGE VOLTAGE ON PROGRAMMING PIN 
| (Ta = 25°C) 


Ww 
S 
= 


ly, INPUT CURRENT (A) 
> 


NR 
oS 
faa) 


Vg OUTPUT VOLTAGE (VOLTS) 
lorog, PROGRAMMING CURRENT (;.A) 


— 
S 
eS 


ail 
ie 
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ei 
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Lt 


0 2.0 4.0 6.0 8.0 10 12 14 16 0 1.0 2.0 3.0 4.0 5.0 6.0° 7.0 8.0 
V,, INPUT VOLTAGE (VOLTS) RESULTING VOLTAGE ON PROGRAMMING PIN 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Programming 
Current o 


Cell repeated 
8 times 


oO Substrate 
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3¥2-DIGIT VOLTMETER 

This specific application provides a 3%-digit DVM 
utilizing the MC1505 dual ramp subsystem. and CMOS 
MC14435 digital subsystem. Interfacing between low 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3’4-digit DVM uses directly coupled 
high voltage (200 V) transistors to translate upward to 
the Anode Drivers. Three of the transistors comprising 
the MPQ7042 high voltage quad transistor are used for 
this function. These transistors connected in a common- 
base, constant-current configuration are turned on by 
the negative-going digit select output pulses of the 
MC14435. The current of-approximately 330 uA is com- 
patible with 200 wA typical input current of anode 
drivers and the sink current capability of the MC14435. 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the.capability of directly driving the MC3491 Seg- 
ment Driver. Cathode blanking is accomplished by tak- 
ing the clock signal from Pin 4 of the MC14435 (ap- 
proximately 50% duty cycle) and tying it to the Enable 


input of the MC14458. The display segment current is 
increased accordingly to 1.1 mA (manufacturers maxi- 
mum specified current equals 1.25 mA) for this rela- 
tively large cathode blanking period. 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MPQ7043 and 
MPS-A42 transistor, Q2, respectively. Their dc segment 
currents are scaled to produce the same brightness as 
the multiplexed digits. 

The Y2-digit segments are driven by transistor Q1. Its 
emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over- 


range Oscillator. 


When an overrange situation occurs, the oscillator is 
enabled, thus causing the display to flash at the oscil- 
lator rate (approximately 8.0 Hz). This is accomplished’ 
by blanking the 2 digit through Q1 and the multiplexed 
digits through diode D1 to the decoder enable input. 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 


FIGURE 6 — 312 DIGIT DIGITAL VOLTMETER 


MPQ7043 


reerororrs 


MC14435 


Buffer, 


MC1405 Y Diai 
Filter on 3% Digit 
Converter A/D Logic 
Subsystem Subsystem 


T- Q0 010203 


[re 


Polarity 
& 


Overrange 
Detector 


c 
1N914 
Overrange Oscillator a MC14558 d 
+12V) BcDTo e 
Y 7-Segment f 
Decoder g 


+180 V 


Beckman SP-355 
or SP-351 
and SP-352 


Outputs 


MC3491 
Segment 
Driver 
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MC6875A__ _ MOTOROLA 


Specifications and Applications 
Information 


M6800 TWO-PHASE 
CLOCK GENERATOR/DRIVER 


M6800 CLOCK GENERATOR 
SCHOTTKY MONOLITHIC 


Intended to supply the non-overlapping ¢1 and $2 clock signals INTEGRATED CIRCUIT 


required by the microprocessor, this clock generator is compatible 
with 1.0, 1.5, and 2.0 MHz versions of the MC6800. Both the 
oscillator and high capacitance driver elements are included along 
with numerous other logic accessory functions for easy system 
expansion. 

Schottky technology is employed for high speed and PNP-buffered 
inputs are employed for NMOS compatibility. A single +5 V power 
supply, and a crystal or RC network for frequency determination 
are required. 


Typical MPU System with Bus Extenders 
L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


GND +5V CL} 4x fo MPU 
Lf 


idl tat MC6885 


ru 
MC8T98/MC6888 
BUS EXTENDER MC8T28/MC6889 


MC8T26A/MC6880A PIN CONNECTIONS 


‘x1 
X2 
Extn 
4x fo 


2x fo 
Memory 
Ready 
Bus $2 


Ground 


15 7 MPU $1 

14 [— Reset Output 
13 [= MPU 62 

12 [3 Power-On Reset 
11 [2 DOMA/Ref Grant 
10 F> DMA/Ref Req 


9 [3 Memory Clock 


on non o Bb WN = 


ORDERING INFORMATION 


Temperature Range 
MC6875L 0 to +709C Ceramic 
MC6875AL -55 to +125°C DIP 
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MC6875, MC6875A 


ABSOLUTE MAXIMUM RATINGS (Unless otherwise noted Ta = 25°C.) 


Power Supply Voltage Vde 


7 Vee | 
Operating Ambient Temperature Range Ta % 
0 to +70 
-55 to +125 
J 


NOTE: 

Operation of the MC6875AL over the full military 
temperature range (to maximum Ta) will result in 
excessive operating junction temperature. 


Storage Temperature Range 


MC6875L 


MC6875AL 
°¢ 
RECOMMENDED OPERATING CONDITIONS 


Pp CSRRating’ =| Symbol Value Unit 
Power Supply Voltage +4.75 to +5.25 


ELECTRICAL CHARACTERISTICS 


(Unless otherwise noted specifications apply over recommended power supply and temperature ranges. 
Typical values measured at Vcc = 5.0 V and Ty = 25°C.) 


The use of a clip on 16 pin heat sink similar to AAVID 
Engineering, Inc., Model 5007 (RecA = 18°C/W) is 
recommended above Ta = 95°C. 


Contact AAVID Engineering, Inc. 
30 Cook Court 

Laconia, New Hampshire 03246 
Tel. (603) 524-4443 


Characteristic 


Output Voltage — High Logic State 
MPU $1 and ¢2 Outputs 


(Vcc = 4.75 V, IoHM = -200 HA) 
(Vcc = 5.25 V, IOHMK = +5.0 mA) 
Bus ¢2 Output 
(Vcc = 4.75 V, loHB = -10 mA) 
(Vcc = 5.25 V, IOHBK = +5.0 mA) 
4 x fo Output 
(Vcc = 4.75 V, Vin = 2.0 V, IoH4ax = -500 vA) 
2 x fo, DMA/Refresh Grant and Memory Clock Outputs 
(Vcc = 4.75 V, lo = -500 uA) 
Reset Output 
(Voc = 4.75 V, Vin = 3.3 V, IOHR = -100 HA) 
Output Voltage — Low Logic State 
MPU $1 and $2 Outputs 
(Vcc = 4.75 V, lo“m = +200 vA) 
(Vcc = 4.75 V, loLMK = -5.0 mA) 
Bus ¢2 Output 
(Vcc = 4.75 V, loLB = +48 mA) 
(Vcc = 4.75 V, loLBK = -5.0 mA) 
4 x fo Output 
(Vcc = 4.75 V, Vi_ =0.8 V,loLax = 16 mA) 
2 x fo, OMA/Refresh Grant and Memory Clock Outputs 
(Vcc = 4.75 V, IoL = 16 mA) 
Reset Output 
(Vcc =4.75V,Vi_ =0.8 V, lo_R = 3.2 mA) 
Input Voltage — High Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 


Input Voltage — Low Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 


input Thresholds — Power-On Reset Input (See Figure 2) 
Output Low to High 
Output High to Low 


Input Clamp Voltage MC6875L 
(Voc = 4.75 V, lic = -5.0 mA) MC6875AL 
Input Current — High Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
— (Vec = 4.75 V, Vin = 5.0 V) 
Power-On Reset 
(Vcc = 5.0 V, VinR = 5.0 V) 
Input Current — Low Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
(Veco = 5.25 V, Vi_ = 0.5 V) 
Power-On Reset Input! 
(Veco = 5.25 V, Vi_ =0.5 V) 
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OPERATING DYNAMIC POWER SUREEN CURRENT 


ST A A 


Power Supply Currents 
(Vcc = 5.25 V, fose = 8.0 MHz, Vi_ =0 V, Vip = 3.0 V) 
Normal Operation 

(Memory Ready and DMA/Refresh Request Inputs at 
High Logic State) 
Memory Ready Stretch Operation 
(Memory Ready Input at Low Logic State; 
_ DMA/Refresh Request Input at High Logic State) 
DMA/Refresh Request Stretch Operation 
(Memory Ready Input at High Logic State; 
DMA/Refresh Request Input at Low Logic State) 


SWITCHING CHARACTERISTICS 
(These specifications apply whether the Internal Oscillator (see Figure 9) or an External Oscillator is used (see Figure 10). 
Typical values measured at Vcc = 5.0 V, Ta = 25°C, fo = 1.0 MHz (see Figure 8). 


Characteristic [Symbot [Min [tye Max Unit] 
MPU ¢1-AND ¢2 CHARACTERISTICS 
Output Period (Figure 3) 
Pulse Width (Figure 3) 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 


Total Up Time (Figure 3) 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 


Delay Time Referenced to Output Complement (Figure 3) lad 
Output High to Low State (Clock Overlap at 1.0 V) tPLHM 

Delay Times Referenced to 2 x fo (Figure 4 MPU @2 only) — 
Output Low to High Logic State tPLHM2x 
Output High to Low Logic State tPHLM2X 


Transition Times (Figure 3) 
Output Low to High Logic State 
Output High to Low Logic State 


BUS ¢2 CHARACTERISTICS 


Pulse Width — Low Logic State (Figure 4) 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 


Pulse Width — High Logic State 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 


Delay Times — (Referenced to MPU $1) (Figure 4) 
Output Low to High Logic State tPLHBM1 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 
Output High to Low Logic State tPHLBM1 
(CL = 300 pF) | 
(CL = 100 pF) 
Delay Times (Referenced to MPU $2) (Figure 4) 
Output Low to High Logic State tPLHBM2 
Output High to Low Logic State tPHLBM2 


Transition Times (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 
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SWITCHING CHARACTERISTICS (continued) 


MEMORY CLOCK CHARACTERISTICS 


Delay Times (Referenced to MPU #2) (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 


Delay Times (Referenced to 2 x fo) (Figure 4) 


Output Low to High Logic State tPLHC2Xx 
Output High to Low Logic State tPHLC2X 


tPLH2X fs 
tPHL2X ne 
tPHL2XM1 

365 

220 
tTLH2X 
tTHL2X 


tPLH4xX 50 
tPHL4x 30 
tTLH4x — 25 ns 
tTHL4X 


Transition Times (Figure 4) 
Output Low to High State 
Output High to Low State 


2 x fo CHARACTERISTICS 
Delay Times (Referenced to 4 x fo) (Figure 4) 

Output Low to High Logic State 
Output High to Low Logic State 


Delay Time (Referenced to MPU $1) (Figure 4) 
Output High to Low Logic State 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
Transition Times (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 


4 x fo CHARACTERISTICS 
Delay Times (Referenced to Ext. In) (Figure 4) 


Output Low to High Logic State 
Output High to Low Logic State 


Transition Time (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 


MEMORY READY CHARACTERISTICS 


Set-Up Times (Figure 5) 
Low Input Logic State 
High Input Logic State 


Set-Up Times (Figure 6) 
Low Input Logic State 
High Input Logic State 


DMA/REFRESH GRANT CHARACTERISTICS 

Delay Time Referenced to Memory Clock (Figure 6) 
Output Low to High Logic State 

Output High to Low Logic State 


tPLHG +25 
tPHLG +15 
tTHLG 


Transition Times (Figure 6) 
Output Low to High Logic State 
Output High to Low Logic State 


RESET CHARACTERISTICS 


Delay Time Referenced to Power-On Reset (Figure 7) 
Output Low to High Logic State 
Output High to Low Logic State 


Transition Times (Figure 7) 
Output Low to High Logic State 
Output High to Low Logic State 


DESCRIPTION OF PIN FUNCTIONS 


@ 4x fo — A free running oscillator at four times the MPU clock rate useful for a system sync signal. © BUS $2 — An output nominally in phase with MPU $2 having MC8T26A type drive capability. 
® 2x fo — A free running oscillator at two times the MPU clock rate. @ MEMORY CLOCK — An output nominally in phase with MPU $2 which free runs during a refresh request cycle. 
@ DMA/REF REQ — An asynchronous input used to freeze the MPU clocks in the ¢1 high, ¢2 low state for @ POWER-ON RESET — A Schmitt trigger input which controls Reset. A capacitor to ground is required to set the 
dynamic memory refresh or cycle steal DMA (Direct Memory Access). desired time constant. Internal 50 k resistor to Voc. See General Design Suggestions for 
@ REF GRANT ~— A synchronous output used to synchronize the refresh or DMA operation to the MPU. Manual Reset Operation. 
@ MEMORY READY — An asynchronous input used to freeze the MPU clocks in the ¢1 low, $2 high state for slow © RESET — An output to the MPU and I/O devices. 
memory interface. @ X1,X2 ~ Provision to attach a series resonant crystal or RC network. 
e sy $1 ~ Capable of driving the $1 and ¢2 inputs on two MC6800s. @ EXT IN — Allows driving by an external TTL signa! to synchronize the MPU to an external system. 
MPU $2 
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FIGURE 1 — BLOCK DIAGRAM 


6 
Memory Ready © (6) 


(10) 
DMA/Refresh O 
Request 

Vec 


50k $ Reset (14) 
Output O 


(12) yi 


Power-On Reset O 


(7) 
| >o O BUS $2 


O MPU #2 
(13) 


1) 
O DMA/Refresh 
Grant 


Pin 16 — +5.0 Volts 
Pin8 — Gnd 


FIGURE 2 — TYPICAL HYSTERESIS CHARACTERISTIC 
OF RESET FUNCTION 


Vec = 5.0 V 
Ty = 25°C 


Vg, OUTPUT VOLTAGE (VOLTS) 


Vy, INPUT VOLTAGE (VOLTS), POWER-ON RESET PIN 


FIGURE 3 — TIMING DIAGRAM FOR 
MPU ¢1 AND $2 


to 
tTUPM 
tTLHM1 tPWM1 tTHLM1 
MPU ¢1 Vec - 0.6 V 
OV 
a 0.8 V 
tPLHM tPLHM 
Vcc -0.6 V 
MPU ¢2 1.0V 
0.8 vf 
tTLHM2 tPpwWM2 


tTTHLM2 


Voy = 1.0 V = Clock Overlap 
measurement point 
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FIGURE 4 — TIMING DIAGRAM FOR NON-STRETCHED OPERATION 
(Memory Ready and DMA/Refresh Request held high continuously) 
Ext. In Input Voltage: 0 V to 3.0 V, f = 8.0 MHz, Duty Cycle = 50%, trLHEx = tTHLEX = 5.0 ns 


2.0 V 2.0 V 
2.0V 
Ext. In 
0.8 V 0.8 V 0.8 V 
tTHLEX - 
TPLH4X tITHLAX TTLHAX 
2.0 V 
4x fo 
tPLH2xX TPHL2X tTLH2X tTTHL2X 
2.0 V 2.0 V 2.0V 
2x fo 
0.8 V 0.8 V 0.8 V 0.8 V 0.8 V 
tPHL2XM1 
tPLHBM1 
Voc — 0.6 V 
MPU $1 cc 
0.8 V 
tPHLBM1 
tPLHM22x —— — >| tPHLM22xX 
MPU 62 
'TLHB . 
ToL HBM2 tPHLBM2 TTHLB 
tpwWLB 
2.0 V 2.0 V 2.0 V 
Bus @2 
0.8 V 0.8 V 0.8 V 
tepLHC2x tPHLC2X 
'THLCE 
tPLHCM 


Memory Clock 


DMA/Refresh Grant (Low) 
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FIGURE 5 — TIMING DIAGRAM FOR MEMORY READY STRETCH OPERATION 
(Minimum Stretch Shown) 7 
Input Voltage: 3.0 to 0 V, trHLMR = tTLHMR = 9-0 ns 


tTHLMR tTLHMR 
2.0 V 2.0 V 
Memory Ready 
0.8 V 0.8 V 
GHA i 
YY 2.0V 
DMA/Refresh Request Gy WY ee 
4 
0.8 V WY UY 
THMRL 
tSMRH 
tSMRL 
2 x fo 0.8 V 0.8 Vv} 
MPU $1 
MPU $2 Vee. t ot Yee 
5 PWMR = | 5 
Bus ~2 


Memory 
Clock 


DMA/Refresh Grant 
(Low) 
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FIGURE 6 — TIMING DIAGRAM FOR DMA/REFRESH REQUEST STRETCH OPERATION 
(Minimum Stretch Shown) 
Input Voltage: 3.0 to 0 V, trHtprR =tTLHDR = 5.0 ns 


tspoRL —~ 


tSDRH 
THDRL 
2.0 V yy F-2.0V 
DMA/Refresh Request o8Vv Y 
‘ A-|0.8V 
i "4 JA 
tTHLDR tTLHDR 
2.0 V 2.0 V 
2x fo 
Vcc : _ 15 Vcc 
er as PWDMA = 35 3 
MPU $1 
MPU $2 
Bus @2 


Memory 
Clock 


DMA/Refresh Grant 
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FIGURE 7 — POWER ON RESET 


Input Voltage: 0 to 5.0 V, f = 100 kHz — Pulse Width = 1.0 us, t7LH = tTHL = 25 ns 


Power-On Reset 


FIGURE 8 — LOAD CIRCUITS 


For MPU @1 and MPU #2 


To Scope 
Input 


RLL=18k 


To Output 
Pin 


All diodes are 1N916 
or equivalent 


MPU $1 C, = 35 pF, Rp = 202 
MPU $2 Cy = 70pF,Rp = 152 


O+5.0 Volts 


RLL = 240 


All diodes are 1N916 
or equivalent 


*Load capacitance includes fixture and probe capacitance 


NOTE: 

Operation of the MC6875AL over the full military tem- 
perature range (to maximum TA) will result in excessive 
operating junction temperature. 


The use of a clip on 16 pin heat sink similar to AAVID 
Engineering, Inc., Model 5007 (R@acaA = 18°C/W) is 
recommended above Ta ~ 95°C. 


qmpomsamacsnnenesnnhpceereente ee tc A SS A 


For Bus ¢2 


To Scope 
Input 


All diodes are 1N916 
or equivalent 


For Reset Output 


All diodes are 1N916 
or equivalent 


Contact AAVID Engineering, Inc. 
30 Cook Court 

Laconia, New Hampshire 03246 
Tel. (603) 524-4443 
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Afo, FREQUENCY CHANGE (%) 


NERRREEEE 


Afo, FREQUENCY CHANGE (%) 


C, CAPACITANCE (pF) 


APPLICATIONS INFORMATION 


FIGURE 9 — TYPICAL RC FREQUENCY versus VOLTAGE 


BRENGHEEE 
LEETN GT 


Nazeeeaee 
Ex 


BENEREREEE 
PN 


45 5.0 5.5 6.0 6.5 7.0 
Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — TYPICAL RC FREQUENCY 
versus TEMPERATURE 


—10 0 10 20 30 40 50 60 70 80 90 
Ta, TEMPERATURE ( C) 


FIGURE 11 — TYPICAL FREQUENCY versus 
RESISTANCE FOR C VARIABLE 


NOTE: RC Operation not 
recommended above 
4X fg = 2.0 MHz 


KOAINN, 
ae a SS SEE 
Baw 


1 2 3 4 5 6 7 8 9 10 
4X fo, FREQUENCY (MHz) 


GENERAL 

The MC6875 Clock Generator/Driver should be located 
on the same board and within two inches of the MC6800 
MPU. Series damping resistors of 10-30 ohms may be 
utilized between the MC6875 and the MC6800 on the ¢1 
and @2 clocks to suppress overshoot and reflections. 

The Vcc pin (pin 16) of the MC6875 should be 
bypassed to the ground pin (pin 8) at the package with a 
0.1 uF capacitor. Because of the high peak currents 
associated with driving highly capacitive loads, an ade- 
quately large ground strip to pin 8 should be used on the 
MC6875. Grounds should be carefully routed to minimize 
coupling of noise to the sensitive oscillator inputs. Unnec- 
essary grounds or ground planes should be avoided near 
pin 2 or the frequency determining components. These 
components should be located as near as possible to the 
respective pins of the MC6875. Stray capacitance near 
pin 2 or the crystal, can affect the frequency. The can of 
the crystal should not be grounded. The ground side 
of the crystal or the C of the R-C oscillator should be con- 
nected as directly as possible to pin 8. 

Unused inputs should be connected to V¢Cc or ground. 
Memory Ready, DMA/Refresh Request and Power-On 
Reset should be connected to Vcc when not used. 
The External Input should be connected to ground 
when not used. 


OSCILLATOR 

A tank circuit tuned to the desired crystal frequency 
connected between terminals X1 and XgQ as shown in 
Figure 12, is recommended to prevent the oscillator from 
starting at other than the desired frequency. The 1kQ 
resistor reduces the O sufficiently to maintain stable 
crystal control. Crystal manufacturers may recommend a 
capacitance (C1) to be used in series with the crystal for 
optimum performance at series resonance. 

See Figures 9 and 10 for typical oscillator temperature 
and Vcc supply dependence for R-C operation. 


FIGURE 12 — OSCILLATOR—CRYSTAL OPERATION 
X4 


MC6875 


X2 


(Trim) | 


eae ae ea 


fo = Crystal frequency 
1 


fo =|-———_—_==—_ 
2injL+Cy 


2.5 wH < Ly < 22 WH 
*Required by some 75 pF < Cr < 200 pF 
Crystal manufacturers Ry = 1kQ 
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TABLE 1 — OSCILLATOR COMPONENTS 


CTS KNIGHTS McCOY ELECT. CO. TYCO CRYSTAL PRODUCTS 


TANK CIRCUIT | APPROXIMATE 400 REIMANN AVE. WATTS & CHESTNUTS STS. 3940 W. MONTECITO 
PARAMETERS CRYSTAL PARAMETERS SANDWICH, IL MT.HOLLY SPRING, PA PHOENIX, AZ 
60548 17065 85019 


(815) 786-8411 (717) 486-3411 (602) 272-7945 


Cr Co 
pF pF 


Hie v 


FIGURE 13 


MP-04A 
* 390 pF 


MP-080 
* 47 pF 


150-3260 


Pf | te 
mpF 
12 4.0 

Inductors may be obtained from: Coilcraft, Cary, 1L 60013 (312) 639-2361 

a solid Vo. output level until Vcc has reached 3.5 to 
RC OPERATION 4.0 V. During this time transients may appear on the 
clock outputs as the oscillator begins to start. This 
happens at approximately Vcc = 3 V. At some Vcc level 
above that, where Reset Output goes low, all the clock 
outputs will begin functioning normally. This phenom- 
enon of the start-up sequence should not cause any 
problems except possibly in.systems with battery back-up 
memory. The transients on the clock lines during the 


time the Reset Output is high impedance could initiate 
MC6875 the system in some unknown mode and possibly write 


into the backup memory system. Therefore in battery 
Extin backup systems, more elaborate reset circuitry will 
be required. 

Please note that the Power-On Reset input pin of the 


EXTERNAL INPUT 


XQ 


MC6875 


External Pulse ; : ; 
Generator MC6875 is not suitable for use with a manual MPU reset 


switch if the DMA/Ref Req or Memory Ready inputs are 


going to be used. The power on reset circuitry is used to 
initialize the internal control logic and whenever the 
input is switched low, the MC6875 is irresponsive to 


To precisely time a crystal to desired frequency, a 
variable trimmer capacitor in the range of 7 to 40 pF 


would typically be used. Note it is not a recommended no DMAIRer Red we Mi Ready j Thi 
practice to tune the crystal with a parallel load capaci- me Of ed: Or: MEMORY “teaey/-INPUES: ey, 


tap result in the loss of dynamic memory and/or possibly 
The table above shows typical values for C7 and LT, . byte of slow static ees Tnererenit of Figure ie 
‘ ae ; is recommended for applications which do not utilize the 
typical crystal characteristics, and manufacturers’ part ee ; iar 
| : DMA/Ref Req or Memory Ready inputs. The circuit of 
numbers for 4.0 and 8.0 megahertz operation. ; : ; er 
Figure 15 is recommended for those applications that do. 


The MC6875 will function as an R-C oscillator when 
: : , FIGURE 14 — MANUAL RESET FOR APPLICATIONS NOT USING 
connected as shown in Figure 13. The desired output DMA/REFRESH REQUEST OR MEMORY READY INPUTS 
frequency (M@1) is approximately: 
Formula 
4x fo» 


320 C in picofarads 
C (R+ .27) + 23 R in K ohms 
(See Figure 11) 4 x fo in Megahertz 


It would be desirable to select a capacitor greater than 
15 pF to minimize the effects of stray capacitance. It is 
also desirable to keep the resistor in the 1 to 5 k Q 
range. There is a nominal 270 {2 resistor internally at 
X41 which is in series with the external R. By keeping 
the external R as large as possible, the effects due to 


MC6875 
MC6800 


Manual Reset Switch 


FIGURE 15 — MANUAL RESET FOR SYSTEMS USING 


process variations of the internal resistor on the frequency _ DYNAMIC RAM OR SLOW STATIC RAM IN CONJUNCTION 
will be reduced. There will, however, still be some WITH MEMORY READY OR DMA/REFRESH REQUEST INPUTS 
variation in frequency in a production lot both from 

the resistance variations, external and internal, and 1/4 74LS08 


process variations of the input switching thresholds. 

Therefore, in a production system, it is recommended 

a potentiometer be placed in series with a fixed R 

between X41 and X32. 

POWER-ON RESET ; 7 Manual Reset 
As the power to the MC6875 comes up, the Reset suite 

Output will be in a high impedance state and will not give 
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Advance Information 


MPU-BUS-COMPATIBLE 
8-BIT D-TO-A CONVERTER 

The MC6890 is a self-contained, bus-compatible, 8 bit (£0.19% 
accuracy) D-to-A converter system capable of interfacing directly. 
with 8-bit microprocessors. 

Available in both commercial and military temperature ranges, this 
monolithic converter contains master/slave registers to prevent 
transparency to data transitions during active enable; a laser- 
trimmed, low-TC, 2.5 V precision bandgap reference; and high 
stability, laser-trimmed, thin-film resistors for both reference input 
and output span and bipolar offset control. 

A reset pin provides for overriding stored data and forcing lout 
to zero. 


Direct Data Bus Link with All Popular TTL Level MPU’s 
+1/2 LSB Nonlinearity Over Temperature 
Fast Settling Time: 200 ns Typ 


Internal 2.5-V Precision Laser-Trimmed Voltage Reference (May 
Also Be Used Externally) 


Minimum Enable Pulse Width: 70 ns 

Fast Enable: 10 ns Maximum Data Hold Time 

Reset Pin to Override Data 

Output Voltage Ranges: +5, +10, +20, or +2.5, +5, +10 Volts 
Low Power: 90 mW Typ 

+5 V and -5 V to -15 V Supplies 


8-BIT 
MPU-BUS-COMPATIBLE 
DAC 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CASE 732-03 


OPERATION WITH AN MPU 
PIN CONNECTIONS 


Microprocessor 


Data Bus 


Clock, 
Control, 
and 
Address 
Bus 


Reset 
Circuitry 


Bipolar 
Offset 


Decode DO-D7 
REF 
Circuitry OUT 


REFN MC6890 
ORDERING INFORMATION 


Temperature Range 
MC6890L 0° to +70°C Ceramic DIP 
MC6890AL -55° to +125°C Ceramic DIP 


Enable 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS 


-3.0 to +7.0 
- Oto +7.0 


| VEE +2.0 to 


Reference Amplifier Input 


Operating Temperature Range 
MC6890L, 
MC6890AL 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = -12 V, Pin 18 loaded only by Pin 19 through 100 2. Reset high, Ta=Tlowto 
Thigh'!), unless otherwise noted.) 


0 to +70 
-55 to +125 


< 


= 

<= 

;& 

© 
hk 


Characteristic 


p 
Digital Input Logic Levels 
High Level, Logic 1 

Low Level, Logic O 


Vdc 


ViL 


Digital Input Current 
Data (Vip = 3.0 V) 
(Vip = 0.4 V) 
Enable (Vij = 3.0 V) 
(Vi_ = 0.4 V) 
Reset (Vi = Vcc) 
(Vi_ = 0.4 V) 


Full Scale Output Current — Unipolar 


Unipolar Zero Output — All Bits Off (Ta = 25°C) 
Output Voltage Temperature Coefficient 


TCyo 


Unipolar Zero 
Bipolar Zero 
Full Scale Range 


Output Voltage, Full Scale Range (See Figure 3) (Ta = 25°C) 
(10 V Span) 
(20 V Span) 
(5.0 V Span) 


Output Voltage, Bipolar Zero (MSB on) (See Figure 4) (Ta = 25°C) Vo 
(10 V Span) 
(20 V Span) 
(5.0 V Span) 


DAC Output Resistance — Exclusive of Span Resistors 
(Ta = 25°C) (See Figure 5) 
a 
Nonlinearity — Relative Accuracy NL +0.19 % 
(See Terminology) (+1/2 LSB) 
Differential Nonlinearity Monotonicity Guaranteed 
Differential Nonlinearity (Ta = 25°C) +0.29 % 
(See Terminology) (+3/4 LSB) 
Reference Input Resistor RREF 3800 4900 6800 c0) 
Reference Output Voltage (Ta = 25°C) VREF 2.470 2.500 | 2.530 | dc 


— 


va 
O00 

3 

2 < 


Bits 


< 


Reference Output Impedance (Ta = 25°C) ligad = 0-3.0 mA | | 0.3 | a 
Reference Short Circuit Current (Ta = 25°C) IREF Fi a0 mA 


Reference Output Voltage Temperature Coefficient TCVO(REF 
| Power Supply Range 


[20 [pm 


5.0 Vde 
-12 


10 20 
-10 -15 
-10 ~15 


Power Supply Current — All Bits Low mA 
(Vcc = 5.0 V) 
(Veg = -5.0 V) 
. (Veg =-15 V) 


Power Supply Rejection (Ta = 25°C) 
To Vcc (Vcc = 4.5 to 5.5 V) 
To Veg (Veg = -4.5 V to -16.5 V) 


Power Dissipation — All Bits Low 
For Vcc = 4.5 V, Veg = -4.5 V 
For Vcc = 5.5 V, Veg =-16.5V 


NOTE 1: Tigw = -55°C for MC6890A, 0° for MC6890 
Thigh = +125°C for MC6890A, +70°C for MCé6890 


PSR 


LSB 
0.010 +1/10 
0.10 +1/2 
mM 
90 158 
220 358 


4 
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AC SPECIFICATIONS (Vcc = 5.0 V, Veg = -12 V, Ta = 25°C unless otherwise noted.) 


Current Settling Time 
(Enable Positive Edge to +1/2 LSB Output) 


Data Setup Time 
Data Hold Time 


Pulse Widths 
Enable 
Reset 
Propagation Delays 
Enable, Low to High 
Reset, High to Low 
(lg < 1.0 pA) 


*Not 100% tested , guaranteed by design 


Data 14V 
Enable 
FS DDR E eee 
lout 50%  +1/2LSB \ 
——»| er 
Reset 


FIGURE 2 — BLOCK DIAGRAM 


wee 19 B Reference 12 
ouT © Source Double Buffered O Enable 


Latches 


O Reset 

18 9 

13 

O Bipolar Offset 


Current Sources, 
Switches 14 


15 
O 10V Span 


VEE Vcc Analog __—ODigital 20 V Span 
any, 5V Ground Ground 
to-15 V 


DSPs SS i sh he sr PUGS SSS ich SSD 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-179 


MC6890 


TEST FIGURES 


UNIPOLAR CONFIGURATIONS BIPOLAR CONFIGURATIONS 
FIGURE 3A © FIGURE 4A 
R2500 


R1 R1 
1000 MC6890 1000 MC6890 
vO Vo=0V 
| 9.961 V 

+10 V Configuration - +5.0 V Configuration 7 
Latched Input Code: 11111111 Latched Input Code: 10000000 

FIGURE 3B FIGURE 4B 

R2500 


MC6890 


Vo= 


18 19.922 V 
+20 V Configuration ° +10 V Configuration 
Latched Input Code: 11111111 Latched Input Code: 10000000 
FIGURE 3C FIGURE 4C 


R250 0, 


R1 


100 MC6890 MC6890 


+5.0 V Configuration +2.5 V Configuration 
Latched Input Code: 11111111 Latched Input Code: 10000000 


FIGURES TEST CONFIGURATION FOR DAC OUTPUT IMPEDANCE 


R1 
100 2 


Latched Input Code: 11111111 


R 12 V 
CT hare 
our Alout 
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TERMINOLOGY 


Nonlinearity (Relative Accuracy) — Maximum output 
deviation from ideal straight line connecting zero and full- 
scale readings, expressed as a fraction of LSB or percent 
of full scale. 


Differential Nonlinearity — Maximum deviation in the 
readings of any two adjacent input bit codes from the ideal 
LSB step, expressed in fractions of LSB or percentage of 
full scale. A differential nonlinearity value greater than 
1 LSB may lead to non-monotonic operation. 


Monotonicity — For every increase in the input digital 
word, the output current either remains the same or 
increases. The MC6890 is guaranteed to be monotonic 
over temperature. 


Settling Time — The elapsed time from the Enable 


positive transition until the output has settled within an 
error band about its final value. 

The worst case switching condition occurs when all bits 
are latched ‘‘on,’’ which corresponds to a low-to-high 
transition for all bits. This time is typically 200 ns for the 
current output to settle to within +1/2 LSB for 8 bit 
accuracy. These times apply when the output swing is 
limited to a small (<0.5 V) swing and the external output 
capacitance is under 10 pF. 


Gain Error — The difference between the actual full 
scale range and the ideal full scale range. Based on a0 to 


255 - 
Be 


10 V output configuration, the ideal FSR is 
9.961 V. 


Gain error is laser trimmed to less than +1.0% with R1 = 
100 2 (Figure 3) and can be user trimmed to zero error with 
R1 = 200 2 pot. 


Bipolar Zero — Using the configuration shown in 
Figure 6 with R1 = 1000, R2=502, with the MSB on and 
all other bits off, the output voltage reading compared to 
analog ground is expressed as a percentage of the full- 
scale range. Offset voltage of the output op amp must be 
nulled. Bipolar Zero error is laser trimmed to less than 
0.20% and can be user trimmed to zero with R2= 1000 pot. 


Temperature Coefficients — (Unipolar zero, Bipolar 
zero, Gain and Reference Output). The maximum deviation 
of the particular parameter over the specified temperature 
range, divided by the temperature range, expressed in 
parts per million of Full Scale Range per degree C. 


Power Supply Rejection — The change in full scale 
current caused by the specified change in VEE or Vcc is 
expressed in LSB’s. 


Reset Function — The MC6890 has a Reset pin (9) that 
will force the DAC’s registers, and therefore the DAC 
output current, to zero. This input is active low and should 
not occur simultaneously with an active Enable signal 
although no harm would result to the converter. The 
power dissipation increases slightly during Reset low. 
Reset should not be allowed to become more negative 
than ground. 


FIGURE 6 — MC6890 IN TYPICAL BIPOLAR +2.5 V OPERATION 


4.900 kO. 


Vo (Volts) 
R2=600 | R2=500 
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MC6890 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 — REFERENCE VOLTAGE versus 
EXTERNAL LOAD CURRENT* 


Vref. REFERENCE OUTPUT VOLTAGE (V) 


Ingr. REFERENCE OUTPUT CURRENT (mA) 


*External load current is in addition to Reference Input 
Current (Pin 18) of D/A converter. 


FIGURE 8 — DIGITAL INPUT CHARACTERISTICS 


DIGITAL INPUT CURRENT (A) 


“-0.2 -0.1 0 1.0 2.0 3.0 4.0 5.0 
DIGITAL INPUT LOGIC LEVELS (VOLTS) 
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FIGURE 9 — TYPICAL APPLICATION OF THE MC6890 IN A MC6800 SERIES MPU SYSTEM 


Digital 
Power Supply 


Analog Power 
Supplies 


Gnd +5.0V 


Optional Vcc Kelvin Connection Gnd +5.0'V -5Vto-15V 
in Absence of +5.0 V Analog Supply cd 


Digital 
System 
Ground 


Kelvin Ground Connection 


*Note: Bypass 
capacitor leads should 
be short 


Digital 
Gnd 
Bipolar 


MC6800 
MC68A00 
MC68B00 
MC6802 

etc. 


15 
ix O Vout 
Mc34001 +5.0V 

17 


Reset DO-D7 


1-8 


Address Bus 


Data Bus 


06890 


MC75107 
~MC75108 


MOTOROLA 


DUAL LINE RECEIVERS 


The MC75107 and MC75108 are MTTL compatible dual line 
| receivers featuring independent channels with common voltage supply 
and ground terminals. The MC75107 circuit features an active pull-up 
(totem-pole) output. The MC75108 circuit features an open-collector 
output configuration that permits the Wired-OR logic connection with 
similar outputs (such as the MC5401/MC7401 MTTL gate or additional 
MC75108 receivers). Thus a level of logic is implemented without 
extra delay. 

The MC75107 and MC75108 circuits are designed to detect input 
signals of greater than 25 millivolts amplitude and convert the polarity 
of the signal into appropriate MTTL compatible output logic levels. 


DUAL LINE RECEIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


vil 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632-02 CASE 646-05 

MO-001AA 


High Common-Mode Rejection Ratio 

High Input Impedance 

High Input Sensitivity 

Differential Input Common-Mode Voltage Range of +3.0 V 

Differential Input Common-Mode Voltage of More Than + 15 V 
Using External Attenuator 

Strobe Inputs for Receiver Selection 

Gate Inputs for Logic Versatility 

MTTL or MDTL Drive Capability 

High DC Noise Margins 

MC55107 Available as JM38510/10401 


CIRCUIT SCHEMATIC 


INPUTS OUTPUT STROBE 
2Y 2G. 


OUTPUT 


INPUTS 


STROBE 1A 18 


TRUTH TABLE 


INPUTS STROBES OUTPUT 
A-B Y 
2 H 
H 


Vip 225 mv 


Vip <-25 mv 
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MAXIMUM RATINGS (Ta, = 0°C to +70°C unless otherwise noted) 


Power Supply Voltages Vcc +7.0 Vde 
VEE -7.0 


Differential-Mode Input Signal Voltage Range Vdc 
Strobe Input Voltage Vis) Vdc 


Power Dissipation (Package Limitation) 


Plastic and Ceramic Dual-In-Line Packages 
Derate above Tp = +25°C 3.85 


Operating Ambient Temperature Range 


RECOMMENDED OPERATING CONDITIONS 


Input Voltage Range, any differential input to ground 


Operating Temperature Range TA 


DEFINITIONS OF INPUT LOGIC LEVELS 


t The algebraic convention, where the most positive limit is designated maximum, is used with Low-Level Input Voltage Level (Vip ,) 


ELECTRICAL CHARACTERISTICS (T, = 0°C to +70°C unless otherwise noted) 


Characteristic 


High-Level Input Current to 1A or 2A Input 
(Vcc = Max, Veg = Max, Vip = 0.5 V, Vic =-3.0 V 
to+3.0 V) ¢ 
Low-Level [Input Current to 1A or 2A Input 
(Vcc = Max, Veg = Max, Vip = -2.0V, Vic =-3.0V 
to +3.0V) ¢ 
High-Level Input Current to 1G or 2G Input 
(Vcc = Max, Veg = Max, Vip(s) = 2.4 V)t 
(Vcc = Max, Veg = Max, ViH(s) = Vcc Max) ¢ 
Low-Level Input Current to 1G or 2G Input 
(Vcc = Max, Veg = Max, Vit(s) = 0.4 V) Et 
High-Level Input Current to S Input 
(Vcc = Max, Veg = Max, ViH(sS) = 2.4 VE 
(Vcc = Max, Veg = Max, ViH(s) = Vcc Max) ¢ 


Low-Level Input Current to S Input 


(Vcc = Max, Veg = Max, Vi_(s) = 0.4 V)t 


High-Level Output Voltage 
(Vcc = Min, Veg = Min, ligag = —400 vA, 
Vic = -3.0 V to +3.0 V)¢ 

Low-Level Output Voltage 
(Vcc = Min, Veg = Min, Isink = 16 MA 
Vic =-3.0 V to +3.0 V)t 


High-Level Leakage Current 'CEX 3 
(Vcc = Min, Veg = Min, Vou = Vcc Max) ¢ 

Short-Circuit Output Current # # fosc 5 
(Vcc = Max, Veg = Max) + 


High Logic Level Supply Current from Vcc 


(Vcc = Max, Veg = Max, Vip = 25 mV, Ta = +25°C) + 


High Logic Level Supply Current from Veg 
(Vcc = Max, Vege = Max, Vip = 25 mV, Ta= +25°C) + 


£For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable device type. 
#AII typical values are at Voc = +5.0 V, Veg = -5.0V, Tay = +25°C. 
# #Not more than one output should be shorted at a time. 
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: MC75107, MC75108 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Veg = -5.0 V, Ta = +25°C) 


ns 


Propagation Delay Time, low-to-high level from -|  tPLH(D)— 7 
differential inputs A and B to output 
(Ry = 390 2, Cy = 50 pF) 2 2 
(Ry = 390 2, Cy = 15 pF) 19 25 
tPHL(D) 7 ns 
25 
tPLH(S) ts 
13 20 
- mr 


Propagation Delay Time, high-to-low level from 
TEST CIRCUITS 


differential inputs A and B to output 
FIGURE 1 — VipH and Vip. FIGURE 2 — Iyyy and I 


(Ry = 390 2, CL = 50 pF) 
(RU = 390 2, CL = 15 pF) 


Propagation Delay Time, low-to-high level, from strobe 
input G or S to output 

(Ry = 390 2, Cy = 50 pF) 
(Ry = 390 2, Cy = 15 pF) 
Propagation Delay Time, high-to-low level, from strobe 
input G or S to output 
(Ry = 390 2, Cy = 50 pF) 
(Ry = 390 2, Cy = 15 pF) 


OPEN 


Vec /’2G651G VEE 
e. © 


1A --t-L 


1 GND 


NOTE: Each pair of differential inputs is tested 
NOTE: When testing one channel, the inputs of separately. The inputs of the other pair 
the other channel are grounded. are grounded 


FIGURE 3 — ViH(s). ViL(s): VOH- VOL and !oH 


ViH(S) S 


ViL(s) Table | 2G 


Vcc VEE TEST TABLE 


-—tftfti 


load 


| 
| 

Vio | See : | 
| 


, Vv 
'sink: IcEX O NOTES: 1. Vig = -3.0V to #3.0V. 


Table 
@ 0 2 2. When testing one channel, the inputs of the other channel 
ee | —— > should be grounded. 
oe 


| Noad 
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TEST CIRCUITS (continued) 


FIGURE 4 — lyH(G). "IL(G)- 'IH(s), and NL (s) 


NWH(S) 
Vit (Ss) 
See 
Test 
Table 
Vit(s) 
a 
Nuts) 


See 
ViD Test 


| Table 


1)}4 at Strobe 1G 
IH, at Strobe 2G 


Vcoc+ VEE 


NOTES: 1. Each channel is tested separately. 
2. Not more than one output should be tested at one time. 
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TEST CIRCUITS (continued) 


FIGURE 7 — PROPAGATION DELAY TIME TEST CIRCUIT 
| ' AND WAVEFORMS 


DIFFERENTIAL 


| INPUT ee res ee oe OUTPUT 
MC75107 
l 1A} 
| | 
PULSE | ® Cy 
GENERATOR 
See Note 1 | = 50 pF 
| Vref See Note 3 
| 100 mv 
= e 
0 | = See Note 4 
2B 
Geer ee te 
= r 390 
390 
OUTPUT 
C. MC75108 


| 


15 pF 
STROBE See Note 3 
INPUT 
See Note 2 
| PULSE = = 
GENERATOR 
See Note 1 
200 mV 
INPUT 
A 
| 
| Ov 
| 
| 
| 3V 
| STROBE Fl | 
INPUT | | 
Gors l | 
—| fk tPHL(D) | +—-—--—— ov 
*PLH(D) my pe | | | : 
| f  tPLHis) oh ——| ke TPHL(S) 
| | | co VOH 
| 
ean 1.5V 1.5V | 1.5V 
VOL 


NOTES: 1. The pulse generators have the following characteristics: Zo = 5082, th = te = 10+5 ns, tp1 = 500 ns, PRR = 1 MHz 
to2 = 1 us, PRR = 500 kHz. 


2. Strobe input pulse is applied to Strobe 1G when Inputs 1A-1B are being tested, to Strobe S when Inputs 1A-1B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 


3. Cy includes probe and jig capacitance. 
4. All diodes are 1N916 or equivalent. 
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SEVEN CHANNEL LINE RECEIVERS 


The MC75125 and MC75127 are seven-channel line receivers 
designed to satisfy the requirements of the input/output interface 
specification for IBM 360/370. 

Special low-power design and Schottky-diode-clamped tran- 
sistors allow low supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. The MC75125 and 
MC75127 are characterized for operation from 0 to 70°C. 


Meets IBM 360/370 I/O Specification 

Input Resistance — 7 kQ. to 20 kQ 

Output Compatible with DTL or TTL 
Schottky-Clamped Transistors 

Operates from a Single 5 Volt Supply 

High-Speed — Low Propagation Delay 

Ratio Specification — tpLH/tPHL 

Seven Channels in One 16-Pin Package 

Standard Vcc and Ground Positioning on MC75127 


TYPICAL APPLICATIONS 


1/4 MC3481 or 
1/4 MC3485 
rc 


MC75125/7 


Coaxial aa 
Cable 


MC75125 
MC75127 


SEVEN CHANNEL 
LINE RECEIVERS 


16 


16 
L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 
16 
4 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


MC75125 
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MC75125, MC75127 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Dissipation (Package Limitation) 
Ceramic Package 1150 
Plastic Package ; 960 
7.7 


Derate Above T, = 25°C 


Junction Temperature 
Ceramic Package 
Plastic Package 


Symbol Min | Typ | Wax [Uni 
Power Supply Voltage ‘ : 
TA 


Low Level Output Current 
Operating Ambient Temperature Range 


ELECTRICAL CHARACTERISTICS 


(Unless otherwise noted, these specifications apply over recommended power supply and temperature ratings. Typical values measured at 
Ta = 25°C and Vcc = +5.0 V) 


Characteristic |} Symbol | Min | Typ | 

High-Level Input Voltage i Many dete 
[Low-level input Vonage SSCS 
High-Level Output Voltage (Vcc = 4.5 V, VIL = 0.7 V, IoH = -0.4 mA) ; 
Low-Level Output Voltage (Vcc = 4.5 V, Vin = 1.7 V, loL = 16 mA) | Vor | - | 04 | 
High-Level Input Current (Vcc = 5.5 V, Vj = 3.11 V) 
Low-Level Input Current (Vcc = 5.5 V, Vy = 0.15 V) 
Short Circuit Output Current* (Vcc = 5.5 V, Vo = 0) 


Input Resistance (Vcc = 4.5 V, 0 V, or Open, AV] = 0.15 V to 4.15 V) 


Power Supply Current 
Outputs High-Logic State (Vcc = 5.5 V, Io = -0.4 mA, all inputs at 0.7 V) 


Power Supply Current 
Outputs Low-Logic State (Vcc = 5.5 V, Io_ = 16 mA, all inputs at 4.0 V) 


ee a ees 
symbol__| Min | Typ | Max | Min | Typ_| 


S 
S 


Propagation Delay Time 
Low-to-High-Level Output tPLH 
High-to-Low-Level Output tPHL 


7 5 
Ratio of Propagation Delay Times t /tp 0 1.3 0.5 1.3 
PLH/tPHL 

Transition Time, Low-to-High-Level Output : 
Transition Time, High-to-Low Level Output 


*No more than one output should be shorted at a time. 
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FIGURE 1 — PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


R,_ = 400 2 


(See Note C) 
Pulse 


Generator 
(See Note A) 


CL = 50pF 


| (See Note B) 


NOTES: 


A. The pulse generator has the following characteristics: 
Zout © 50 2, PRR =5 MHz. : VOLTAGE WAVEFORMS 


B. C, includes probe and jig capacitance. 
C. All diodes are MMD7000 or equivalent. 


FIGURE 2 — SCHEMATIC (EACH RECEIVER) 


Output Y ’ Com mon Circuit « 
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MC75125, MC75127 


TYPICAL CHARACTERISTICS 


FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS FIGURE 4 — VOLTAGE TRANSFER CHARACTERISTIC 
versus AMBIENT TEMPERATURE versus SUPPLY VOLTAGE 
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FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE versus OUTPUT CURRENT 
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0 1.0 2.0 3.0 4.0 5.0 
Vy, INPUT VOLTAGE (v) Ig, OUTPUT CURRENT (mA) 


FIGURE 7 — SUPPLY CURRENT versus SUPPLY VOLTAGE 


Seven Channels 
Ta= 25°C 


| 


All Inputs 


Icc, SUPPLY CURRENT (mA) 


Vec, SUPPLY VOLTAGE (V) 
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MC75128 
(AA) MOTOROLA “" C75 129 


EIGHT-CHANNEL 
LINE RECEIVERS 


EIGHT-CHANNEL LINE RECEIVERS 


The MC75128 and MC75129 are eight-channel line receivers 
designed to satisfy the requirements of the input/output interface 
specification for IBM 360/370. Both devices feature common 
strobes for each group of four receivers. The MC75128 has an active- 
high strobe; the MC75129 has an active-low strobe. 

Special low-power design and Schottky-diode-clamped transistors 
allow low supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. Both devices are 
characterized for operation from 0 to 70°C. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 732-03 


P SUFFIX 
PLASTIC PACKAGE 


Meets IBM 360/370 I/O Specification CASE 738-02 


Input Resistance — 7 kQ2 to 20 kQ2- 
Output Compatible with DTL or TTL 
Schottky-Clamped Transistors 


PIN CONNECTIONS 


Operates from a Single 5 Volt Supply MC75128 
High-Speed — Low Propagation Delay 
Ratio Specification — tpLH/tPHL 

Common Strobe for Each Group of Four Receivers 
MC75128 Strobe — Active-High 

MC75129 Strobe — Active-Low 


TYPICAL APPLICATION 


1/4 MC3481 or 
1/4 MC3485 


MC75128-9 
Coaxial 
Cable 
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MC75128, MC75129 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


0.15 to +7.0 
Sirabe Input Voltage 


Power Dissipation (Package Limitation) 
. Ceramic Package _ 1150 
Plastic Package 960 
| Derate Above Ta = 25°C -7.7 


Junction Temperature 
Ceramic Package +175 
Plastic Package +150 


[Characteristic ————=—SSS«d?SSSymbol ‘Min “|Tv 
A 


High Level Output Current 1OH fF - { - | 


ELECTRICAL CHARACTERISTICS 


(Unless otherwise noted, these specifications apply over recommended power supply and temperature ratings. Typical values measured at 
Ta = 25°C and Vcc = +5.0 V) 


Characteristic } [Symbol | win | Typ | Max [ Unit] 


High-Level input Voltage 
A Inputs 
S Inputs 


Low-Level Input Voltage 
A Inputs 
S inputs 
High-Level Output Voltage (Vcc = 4.5 V, Vi_ = 0.7 V, IoH = -0.4 mA) 
Low-Level Output Voltage (Vcc = 4.5 V, Vin = 1.7 V, lot = 16 mA) 
Input Clamp Voltage (Vcc = 4.5 V, |) = -18 mA, S Inputs) 
High-Level Input Current (Vcc = 5.5 V, Vj = 3.11 V,A Inputs) 
(Vcc = 5.5 V, V} = 2.7 V,S Inputs) 
Low-Level Input Current (Vcc = 5.5 V, Vy = 0.15 V, A Inputs) 
(Vcc = 5.5 V, Vy = 0.4 V,S Inputs) 
Short Circuit Output Current * (Vcc = 5.5 V, Vo = O) 
VGC = 45 V, 0 V, or Open, AV] = 0.15 V to 4.15 V) 
Power Supply Current — Outputs High-Logic State, al! inputs at 0.7 V 
(Vcc = 5.5 V, Strobe at 2.4 V — MC75128) 
(Vcc = 5.5 V, Strobe at 0.4 V — MC75129) 
Power Supply Current — Outputs Low-Logic State, all inputs at 4.0 V 
(Vcc = 5.5 V, Strobe at 2.4 V — MC75128) 
(Vcc = 5.5 V, Strobe at 0.4 V — MC75129) 


Propagation Delay Time — From A Inputs 
Low-to-High-Level Output 
High-to-Low-Level Output 


| Min | Typ | Max | Min | Typ | Max | 
Low-to-High-Level Output 


7.0 14 25 7.0 14 25 

10 18 30 10 18 30 

26 40 20 | 35 

High-to-Low-Level Output 22 35. * 16 30 
Ratio of Propagation Delay Times — A Inputs tpLH(A)/tpHL(A) } | 06. | ie 4 


Propagation Delay Time — From S Inputs 


Transition Time, Low-to-High-Level Output 1.0 : 1.0 
Transition Time, High-to-Low-Level Output 


*No more than one output should be shorted at a time. 
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FIGURE 1 — PARAMETER MEASUREMENT INFORMATION 


LOAD CIRCUIT * VOLTAGE WAVEFORMS 


Vv INPUT 
cc (See Notes 
A, D, and E) 


OUTPUT 


90% ot Ad 
I 
ema ns = 


“FROM OUTPUT 
UNDER TEST 
T .(See Note C) = | 

SOpF © : 
(See Note B) 


OUTPUT 


NOTES: A. Input pulses are supplied by a generator having the 
following characteristics: Ze =5092,PRR=5 MHz. es eve —VOL 
. Includes probe and jig capacitance. hn trHL tTLH ere 
All diodes are MMD7000 or equivalent. 
. The strobe inputs of MC75129 are in-phase with the 
output. 
E. Vref7 = 0.7 V and Vyef2 = 1.7 V for testing data (A) 
Inputs, Vref, = Vref2 = 1.3 V for strobe inputs. 


ooo 


FIGURE 2 — SCHEMATIC (EACH RECEIVER) 


0 Vcc 


Gnd 


One of Two 


Common 
Circuitry 


To Three 
Other To Seven 
Channels Other Channels 
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TYPICAL CHARACTERISTICS 


FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS FIGURE 4 — VOLTAGE TRANSFER CHARACTERISTIC 
versus AMBIENT TEMPERATURE versus SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE (V) 
Vg, OUTPUT VOLTAGE (V) 


0 1.0 2.0 0 
V,, INPUT VOLTAGE (V) Vy, INPUT VOLTAGE (V) 


FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE FIGURE 6 — LOW-LEVEL OUTPUT VOLTAGE 
versus OUTPUT CURRENT 


ly, INPUT CURRENT (mA) 
Voy, LOW LEVEL OUTPUT VOLTAGE (V) 


0 1.0 2.0 3.0 4.0 5.0 
Vy, INPUT VOLTAGE (V) Ig, OUTPUT CURRENT (mA) 
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Product Preview 


QUAD LINE DRIVERS WITH NAND ENABLED 
THREE-STATE OUTPUTS 


The Motorola SN75172/174 are monolithic quad differential line 
drivers with three-state outputs. They are designed specifically 
to meet the requirements of EIA standards RS-485, RS-422A, and 
CCITT recommendations V.11 and X.27. 

The device is optimized for balanced multipoint bus transmis- 
sion at rates up to 4 megabits per second. Each driver features 
wide positive and negative common-mode output voltage ranges 
making it suitable for party-line applications in noisy environments. 

The SN75172/174 provides positive- and negative-current lim- 
iting and thermal shutdown for protection from line fault condi- 
tions on the transmission bus line. Shutdown occurs at a junction 
temperature of approximately 150°C. These devices offer opti- 
mum performance when used with the SN75173 or SN75175 
quadruple differential line receivers. 


@ Meets RS-485 Standard for Party-Line Operation 


@ Meets EIA Standard RS-422A and CCITT Recommendations 
V.11 and X.27 


@ Designed for Multipoint Transmission on Long Bus Lines in 
Noisy Environments 


3-State Outputs 

Common-Mode Output Voliage Range... —7.0V to 12 V 
Active-High and Active-Low Enables 

Thermal Shutdown Protection | 

Positive and Negative Current Limiting 

Operates from Single 5.0 Volt Supply 

Low Power Requirements 


Functionally Interchangeable With 
AM26LS31 (SN75172) 
MC3487 (SN75174) 


PIN CONNECTIONS 
SN75172 


Input A 
Outputs A 
Enable A/B Control © 


Outputs B 


Outputs B 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 


$N75172 
SN75174 


QUAD RS-485 LINE DRIVERS 
WITH THREE-STATE OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


SN75174 


Input D 
| Outputs D 
C/D Control 


| Outputs C 
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_SN75172 


TRUTH TABLE 


= Low Logic State 
High Logic State 
Irrelevant 


L 
H 
X | 
Z = Third-State (High Impedance) 


SN75174 


TRUTH TABLE 


Control 
Input 
H H 
L H 
X L 


N < Zr 


to wou ll 


Noninverting 


Inverting 
Output 
L 
H 
Z 


Low Logic State 
High Logic State 

Irrelevant 

Third-State (High Impedance) 
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Product Preview 


QUAD RS-485 LINE RECEIVERS 


The Motorola SN75173/175 are monolithic quad differential line 
receivers with three-state outputs. They are designed specifically 
to meet the requirements of EIA standards RS-485, RS-422A/23A 
and CCITT recommendations. 

The devices are optimized for balanced multipoint bus trans- 
mission at rates up to 10 megabits per second. They also feature 
high input impedance, input hysteresis for increased noise im- 
munity, and input sensitivity of +200 millivolts over a common- 
mode input voltage range of — 12 volts to 12 volts. The SN75173/ 
175 are designed for optimum performance when used with the 
SN75172 or SN75174 quadruple differential line drivers. 


e Meets EIA Standard RS-485 


QUAD RS-485 LINE RECEIVERS 


WITH THREE-STATE 
OUTPUTS 


@ Meets.ElIA Standards RS-422A and RS-423A 
@ Meets CCITT Recommendations V.10, V.11, X.26, and X.27 neg 
@ Designed for Multipoint Transmission on Long Bus Lines in CERAMIC PACKAGE 
Noisy Environments CASE 620-02 
@ 3-State Outputs 
@ Common-Mode Output Voltage Range... —12 Vto 12 V 
@ Input Sensitivity ... +200 mV viii 
@ Input Hysteresis ...50 mV Typ ie 
@ High Input Impedance ... 12 kQ Min 
e@ Operates from Single 5.0 Volt Supply 
@ Low Power Requirements N SUFFIX 
@ Plug-in Replacement for PLASTIC PACKAGE 


CASE 648-05 


MC3486 (SN75175) 
AM26LS32 (SN75173) 


PIN CONNECTIONS 


SN75173 SN75175 


Vcc 
Input A 


Input 
Inputs B a 


Output A’ 


3-State 


3-State 
Control 
Control Output B ene 


Output C 3-State 
Control 


Output D 


Inputs D 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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SN75173, SN75175 


SN75173 SN75175 


FUNCTION TABLE (EACH RECEIVER) 


Differential Inputs Output 
A-B |a G| sy 


Vip = -0.2V 


FUNCTION TABLE (EACH RECEIVER) 


Differential Inputs 
A-B 
Vip 20.2 V 3 
-0.2V< Vip <0.2V 


xO, xK x 


mx<inrx<I Oo xX 


a 


r 
x= 


| 


H = high level 

L = low level 

X = irrelevant 

? = indeterminate 

Z = high-impedance (off) 
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(AA) MOTOROLA ULN2068B 


QUAD 1.5 A SINKING HIGH-CURRENT SWITCH 


QUAD 15A 
DARLINGTON SWITCH © 


The ULN2068B is a high-voltage, high-current quad Darlington 
switch array designed for high-current loads, both resistive and 
reactive, up to 300 watts. 

It is intended for interfacing between low level (TTL, DTL, LS 
and 5.0 V CMOS) logic families and peripheral loads such as 
relays, solenoids, dc and stepping motors, multiplexer LED and 
incandescent displays, heaters, or other high-voltage, high- 
current loads. 

The Motorola ULN2068B is specified with minimum guaranteed 
breakdown of 50 V and is 100% tested for safe area using an 
inductive load. It includes integral transient suppression diodes. 
Use of a predriver stage reduces input current while still allowing 

' the device to switch 1.5 Amps. 

It is supplied in an improved 16-lead plastic dual-in-line package 
with heat sink contact tabs (Pins 4,5 and 12,13). A copper alloy 
lead frame allows maximum power dissipation using standard 
cooling techniques. The use of the contact tab lead frame facili- 
tates attachment of a DIP heat sink while permitting the use of 
standard layout and mounting practices. 


e TTL, DTL, LS, CMOS Compatible Inputs 

@ 1.5 Amp Maximum Output Current 

@ Low Input Current 

@ Internal Freewheeling Clamp Diodes 

® 100% Inductive Load Tested 

@ Heat Tab Copper Alloy Lead Frame for Increased Dissipation 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


B SUFFIX 
PLASTIC PACKAGE 
CASE 648C-01 


PIN CONNECTIONS 


MAXIMUM RATINGS (Ta, = 25°C and ratings apply to any one device in the package 
unless otherwise noted.) 


Input Voltage — Note 2 


Supply Voltage 


Input Current — Note 3 

Operating Ambient Temperature Range 
Storage Temperature Range 

Junction Temperature 


Notes: 
1. Allowable output conditions shown in curves on Page 3. 
2. Input voltage referenced to ground. 
3. May be limited by max input voltage. 


ORDERING INFORMATION* 
Device Temperature Package 
Range ; 


ULN2068B 0°C to + 70°C Plastic DIP 


* Other options of this ULN2060/2070 series are avail- 
able for volume applications. Contact your local Mo- 
torola Sales Representative. 


Schematic 
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ULN2068B 


Characteristic Typ 


Output Leakage Current 
(VcE = 50 V) 
(Vce = 50 V, Ta = 70°C) 


pA 
100 
500 


eg 
oy 
m 
a 


Collector-Emitter Saturation Voltage V 
(ic = 500 mA = 
| lic = 750 MA Vy. = 2.4V) = 
| (lc = 1.0A am 
| (ic = 1.25A_ — 


Input Current — On Condition 
(Vj = 2.4 V) 
(Vv; = 3.75 V) 


Input Voltage — On Condition Vi(on) 
(VcE = 2.0 V, Ic = 1.5 A) 


Inductive Load Test 
(Vs = 5.5V, Vcc = 24.5 V, 
tpw = 4.0 us). 


Supply Current 
(ic = 500 mA, Vin = 2.4V, Vg = 5.5 V) 
Turn-On Delay Time tPHL 
(50% Ey to 50% Eo) 
Turn-Off Delay Time tPLH 
(50% E| to 50% EQ) 


Clamp Diode Leakage Current 


50 V) 

50 V, Ta = 70°C) 
Clamp Diode Forward Voltage 
(Ip = 1.0 A) 

(le = 1.5 A) 


ob 
< 
(o} 
[ 
pote 
cE # 


= wm 
° 
a 
re 
EE 


bad 
| # 
Bes 
Nh > 
NW 
On 
/< 


TEST FIGURES 


FIGURE 2 


FIGURE 1 Open 


Open VcE 
O 


FIGURE 4 
FIGURE 3 


20 2 


a Po 14 ms 
Vout | | h 
: Vout 


>| ee tpw AVout =|Vout1 — Voutal 


70 mhy 
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ULN2068B 


TEST FIGURES (CONTINUED) 


FIGURE 5 FIGURE 6 
Open 


FIGURE 8 
Vs Open 
O O 


FIGURE 7 


Vin 
+ : Ic 
TYPICAL CHARACTERISTIC CURVES — Ta = 25°C 
FIGURE 9 — INPUT CURRENT FIGURE 10 — COLLECTOR CURRENT 
versus INPUT VOLTAGE versus INPUT CURRENT 


< 
= Z 
a & 
& 3 
3 5 
2 S 
2 : 
= oO 
x) 
Vin, INPUT VOLTAGE (V) |, INPUT CURRENT (mA) 
FIGURE 11 — Ta = 70°C wio HEAT SINK FIGURE 12 — Ta = 70°C w/STAVER V-8 
HEAT SINK (37.5 °C/W) 
- Ba ae: Sa 
Me 
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ce a Se 
[we Lue) 
og Ir «33 
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— outputs conducting 
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simultaneously - 
DUTY CYCLE (%) DUTY CYCLE (%) 
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ULN2068B 


FIGURE 13 — Ta = 70°C w/STAVER V-7 FIGURE 14— Ta, = 50°C w/o HEAT SINK 
HEAT SINK (27.5 °C/W) 
Ete te i Device Limit 
“2 mo |} og? L | 
eZ al zs 
AL Se HT 
55 ples) Se | 
<a | 28 
on oa 
23 23 ot | 
? Number of © 0. Number of outputs 
outputs conducting =a A conducting 
simultaneously oe Poh simultaneously 
0 
0 20 40 60 80 100 
DUTY CYCLE (%) DUTY CYCLE (%) 
FIGURE 15 — Ta = 50°C w/STAVER V-8 FIGURE 16 — Ta = 50°C w/ STAVER V-7 
HEAT SINK (37.5 °C/W) HEAT SINK (27.5 °C/W) 
Pr vicim | | | 
= a ee 
- . ts 
2s os 
ug ws 
zo a3 
Sa =e 10 
oe Se 
22 2 
23 23 
= Number of - 05 Number of outputs 
outputs conducting conducting 
simultaneously simultaneously 
0 
0 20 40 60 80 100 
DUTY CYCLE (%) DUTY CYCLE (%) 
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(AA) MOTOROLA ULN2074B 


QUAD 1.5 A SINKING HIGH-CURRENT SWITCH 
QUAD 1.5A 
DARLINGTON SWITCH 


The ULN2074B is a high-voltage, high-current quad Darlington 
switch array designed for high-current loads, both resistive and 
reactive, up to 300 watts. 

It is intended for interfacing between low level (TTL, DTL, LS 
and 5.0 V CMOS) logic families and peripheral loads such as 
relays, solenoids, de and stepping motors, multiplexer LED and 
incandescent displays, heaters, or other high-voltage, high- 
current loads. 

The Motorola ULN2074B is specified with minimum guaranteed 
breakdown of 50 V and is 100% tested for safe area using an 
inductive load. 

It is supplied in an improved 16-lead plastic dual-in-line package 

. with heat sink contact tabs (Pins 4, 5 and 12, 13). A copper alloy 
lead frame allows maximum power dissipation using standard 
cooling techniques. The use of the contact tab lead frame facili- 
tates attachment of a DIP heat sink while permitting the use of 
standard layout and mounting practices. 


e TTL, DTL, LS, CMOS Compatible Inputs 
@ 1.5 Amp maximum Output Current 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


B SUFFIX 
PLASTIC PACKAGE 
CASE 648C-01 


@ Low Input Current 
@ 100% Inductive Load Tested 


e Heat Tab Copper Alloy Lead Frame for Increased Dissipation PIN CONNECTIONS 


MAXIMUM RATINGS (Ta = 25°C and ratings apply to any one device in the package 
unless otherwise noted). 


Rating | Symbol 
| 


A 


1. Allowable output conditions shown in curves on Page 3. 


2. Input voltage referenced to ground (substrate) 
3. May be limited by max input voltage 


ORDERING INFORMATION* 


Temperature ; 
Device Range Package 
ULN2074B O°C to +70°C Plastic DIP 


* Other options of this ULN2060/2070 series are 
available for volume applications. Contact your 
local Motorola Sales Representative. 


Partial 
Schematic 


Substrate 
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ULN2074B° 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Symbol 


ICEX 
(Vcg = 50 V, Ta = 70°C) ass 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 500 mA, |) = 625 pA) 
(I¢ = 750 mA, |) = 935 pA) 
| (Ic = 1.0 A, = 1.25 mA) 
| (Ic = 1.25 A, = 2.0 mA) | 


Input Current — On Condition 
(Vj = 2.4 V) 
(Vj = 3.75 V) 


2. 
Input Voltage — On Condition 
(VcE = 2.0 V, Ic = 1.0 A) 
(VcgE = 2.0 V, Ic = 1.5 A) 


Characteristic 


Output Leakage Current 
(VcE = 50 V) 


Inductive Load Test 
‘(Vcc = 24.5-V, tpw = 4.0 us) 


Turn-On Delay Time . 
(50% E; to 50% Eo) 


Turn-Off Delay Time 
(50% E; to 50% Eo) 


TEST FIGURES 


FIGURE 1 FIGURE 2 


FIGURE 4 
FIGURE 3 


20 2 


7] = 14 ms 
Vouty 
LJ Popa: 


> et tpw AVout =lVout1 — Voutal 
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ULN2074B 


FIGURE 5 


TYPICAL CHARACTERISTIC CURVES 


FIGURE 6 — INPUT CURRENT versus INPUT VOLTAGE FIGURE 7 — COLLECTOR CURRENT versus 
INPUT CURRENT 


: LZ 
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Vj, INPUT VOLTAGE (VOLTS) i, INPUT CURRENT (mA) 
FIGURE 8 — Tag = 70°C w/o HEAT SINK . FIGURE 9 — Tp = 70°C w/STAVER V-8 
HEAT SINK (37.5 °C/W) 
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ULN2074B 


| FIGURE 10 — Ta = 70°C w/STAVER V-7 . FIGURE 11 — Ta = 50°C w/o HEAT SINK 
HEAT SINK (27.5 °C/W) 


Device Limit 


Ic, ALLOWABLE PEAK 
COLLECTOR CURRENT (A) 
Ic, ALLOWABLE PEAK 
COLLECTOR CURRENT (A) 


Number of outputs 
conducting 
simultaneously. 


Number of 
outputs conducting 
simultaneously 


DUTY CYCLE (%) DUTY CYCLE (%) 
FIGURE 12 — Tag = 50°C w/STAVER V-8 FIGURE 13 — Ta = 50°C w/STAVER V-7 
HEAT SINK (37.5 °C/W) HEAT SINK (27.5 °C/W) 
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COMPARATORS 


Device Function | 7 Page 


LM111 High Performance Voltage Comparator ...........ccccccsscccsssssssssceeeesssssesseeeeeesenssnenes 8-3 
LM139,A Quad Single-Supply Comparators .............cecesseccseseeseesesesseseeeeeseeueeneeeeueeeeeeseesens 8-9 
LM193,A DUAN COMP AN ALORS 2252S last cect ane its ecto aaa a eee ea eee Rial sand cece 8-13 
LM211 High Performance Voltage Comparator ............:cccsscsccesssssserseesseesssseeeeeeveeeseseuens 8-3 
LM239,A Quad Single-Supply Comparators .............ccsssececccceeceseesssenseeceeuueueeuneusueeeeeuenseseeas 8-9 

| LM293,A Dual COMP ALAlONS sicsacstect nec ceea a lisss ucts hina eniadsveosiidecae peti nen ee apathy 8-13 

| LM311 High Performance Voltage Comparator ............ccccccsssscccessssssseeeeeeesssssreneeeeeevensenes 8-3 
LM339,A Quad Single-Supply Comparators .0..........ccessscceceeseeesesssscueessuseeseseceseeeesessesesenaas 8-9 
LM393,A Dual Comparators ........:cccsssseee di sac eidada iO tac teealedie tas useage duets ata tees leans 8-13 
LM2901 Quad Single-Supply Comparators .............cccccssseceeceeessesesssssseeeeseeeuseveeeeeeseceeeeseeas 8-9 
LM2903 Dial COMPALALONS wince oikesercdiycascre tl cies doibach vei aint ona dadi ineadesstacenee tstaxeeneaeeninateaneeiaata 8-13 
MC1414 Dual Differential Comparator .............ccccccessssececessssssssnaeeeeceeeeenseseeesecenscscescerntenes 8-18. 
MC1514 Dual Differential Comparator .............cccccessssseceseceesesnecseeeeeeeeeveueeseesecnesececenssreeaenes 8-18 
MC1710,C Differential COMPAN ALON tases vedeeusGaesiskschs areas eneastazecsaasateveconvesdespatovesiuestatecdecebinl Means 8-22 
MC1711,C Dual Differential Comparator .............ccccccccccecccecccerecececesesseneceeuseseveuenssneaeeuacccesevens 8-26 
MC3302 Quad Single-Supply Comparators ...........ccccccccsssssccesessssseseeeesesesseneeeeeseesessseesneaeness 8-9 
MC3324,A Power Supply Supervisory Circuit/Dual-Voltage Comparator ...........:.:csscssssees 8-30 
MC3424,A Power Supply Supervisory Circuit/Dual-Voltage Comparator ...........:c:ccssecsesseees 8-30 
MC3430 High-Speed Quad ComparatOr .............ccceescceeceeeessssesceeecceeeeeeseceseeeauenenecsessneeeees 8-46 
MC3431 High-Speed Quad ComparatOr .0..........ccccccccessssscegesssseeeeeeesesseseeeeeeeeeesesesseeneneceeesens 8-46 
MC3432 High-Speed Quad COMparatOr ...........ccccccccccccceecceececesensenseeseuseeeceuceeceeeeeseeuauseseueags 8-46 
MC3433 High-Speed Quad Comparator .0...........ccccesscceceseesssssscneeecceeceeseeseecessuaneseesecsseesens 8-46 
MC3524,A Power Supply Supervisory Circuit/Dual-Voltage Comparator ..............ccccceesseeeee 8-30 
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(AA) MOTOROLA 


HIGHLY FLEXIBLE VOLTAGE COMPARATORS 


The ability to operate from a single power supply of 5.0 to 30 volts 
or+15 volt split supplies, as commonly used with operational ampli- 
fiers, makes the LM111/LM211/LM311 a truly versatile compara- 
tor. Moreover, the inputs of the device can be isolated from system 
ground while the output can drive loads referenced either to ground, 
the Vcc or the VEE supply. This flexibility makes it possible to drive 
DTL, RTL, TTL, or MOS logic. The output can also switch voltages to 
50 volts at currents to 50 mA. Thus the LM111/LM211/LM311 can H SUFFIX 


: METAL PACKAGE 
be used to drive relays, lamps or solenoids. CASE 601-04 


HIGH PERFORMANCE 
VOLTAGE COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Vv 
TYPICAL COMPARATOR DESIGN CONFIGURATIONS cS 


Output 
Split Power-Supply with 
Offset Balance 


Single Supply 


Balance/ Strobe 


3.0 k Balance 
, VEE 
RL (Top View) 
Output N SUFFIX 
PLASTIC PACKAGE 
Output CASE 626-04 
(LM311 Only) 


Rt 


Gnd 1 8 Vcc 
7 Output 
6; Balance/Strobe 


2 
Load Referred to Inputs 3 
Negative Supply VEE 4 BBalance 


(Top View) 


J-8 SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


Output 


Input polarity is reversed when 
Gnd pin is used as an output. 


Load Referred to 
Positive Supply 


Input polarity is reversed when 
Gnd pin is used as an output. 


Strobe Capability 


Output 


Gnd 1 8 Vcc 
inputs 2 7 Output 
3 6 Balance/Strobe 
Veg 4 5 Balance 


(Top View) 


ORDERING INFORMATION 


-| LM111H Meta! Can 
LM111J-8 *BSSE 10112026 Ceramic DIP 
LM211H Metal Can 
LM211J-8 ~25°C to +85°C Ceramic DIP 
LM311H . . Metal Can 
LM311J-8 O°C to +70°C Ceramic DIP 
LM311N Plastic DIP 
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LM111, LM211, LM311 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


veoWeel | 36 «dS 


Power Dissipation and Thermal Characteristics 
Metal Package 
Derate above Ta = +25°C 
Plastic and Ceramic Dual In-Line Packages 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 


Operating Junction Temperature 


Storage Temperature Range 


Characteristic 


Input Offset Voltage (Note 3) 
Rs < 50 kN, Ta = +25°C 
Rs < 50 kO, Tlow S TA S Thigh” 
Input Offset Current (Note 3) Ta = +25°C 
Tlow S TA S Thigh” 
Input Bias Current, Ta = +25°C 
Tlow S TA S Thigh” 


Saturation Voltage 
Vip < -5.0 mV, Ig = 50 mA 
Vip <-10 mV, lg = 50 mA 


t Ta = +25°C 


Vec 2 4.5 V, VEE = 0, Tlow S TA S Thigh” 
Vip S -6.0 mV, Isink < 8.0 MA 
Vip < -10 mV, Isink < 8.0 mA 


Strobe “On” Current (Note 5) 


Output Leakage Current 
Vip 2 5.0 mV, Vo = 35 V (Ta = +25°C 
Vip 2 10 mV, Vo = 35 V J Istrobe = 3.0 MA 
Vip 2 5.0 mV, Vo = 35 V. Tlow S TA S Thigh” 


NOTES: 
* Tlow= -55°C for LM111 Thigh = +125°C for LM111 
= ~25°C for LM211 = +85°C for LM211 
= O°C for LM311 = +70°C for LM311 


1. Offset voltage, offset current and bias current specifications apply for 
a supply voltage range from a single 5.0 volt supply up to + 15 volt supplies. 


2. This rating applies for +15 volt supplies. The positive input voltage 
limit is 30 volts above the negative supply. The negative input volt- 
age limit is equal to the negative supply voltage or 30 volts below the 
positive supply, whichever is less. 


-55 to +125 — 
-25 to +85 —~ 
0 to +70 


z 
-65 to +150 -65 to +150 a. 


i 
< 


> 


3. The offset voltages and offset currents given are the maximum 
values required to drive the output within a volt of either supply with 
a 1.0 mA load. Thus, these parameters define an error band and take 
into account the “worst opse" effects of voltage gain and input 
impedance, 


4. The response time specified is for a 100 mV input step with 5.0 mV 
overdrive. 

5. Do not short the strobe pin to ground; it should be current driven at 
3.0 to 5.0 mA. 
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LM111, LM211, LM311 


FIGURE 1 — CIRCUIT SCHEMATIC 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 2 — INPUT BIAS CURRENT versus FIGURE 3 — INPUT OFFSET CURRENT versus 
TEMPERATURE TEMPERATURE 


Veco = +15 V 
Veg = -15V 


Ip, INPUT BIAS CURRENT (nA) 


lig. INPUT OFFSET CURRENT (nA) 


-55 -25 0 +25 +50 +75 +100 +125 -55 -25 0 +25 +50 +75 +100 +125 
Ty, TEMPERATURE (°C) Ta. TEMPERATURE (°C) 
FIGURE 4 — INPUT BIAS CURRENT versus FIGURE 5 — COMMON MODE LIMITS versus 
DIFFERENTIAL INPUT VOLTAGE TEMPERATURE 
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LM111, LM211, LM311 


TYPICAL PERFORMANCE CHARACTER ISTICS 


FIGURE 6 — RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 
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FIGURE 8 — RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 
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Vin INPUT VOLTAGE (mV) Vg, OUTPUT VOLTAGE (V) 


FIGURE 10 — OUTPUT SHORT CIRCUIT CURRENT 
CHARACTERISTICS AND POWER DISSIPATION 
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FIGURE 7 — RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES ~ 
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FIGURE 9 — RESPONSE TIME FOR VARIOUS 

INPUT OVERDRIVES 
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FIGURE 11 — OUTPUT SATURATION VOLTAGE 
versus OUTPUT CURRENT 
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LM111, LM211, LM311 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


FIGURE 12 — OUTPUT LEAKAGE CURRENT FIGURE 13 — POWER SUPPLY CURRENT 
versus TEMPERATURE versus SUPPLY VOLTAGE 
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FIGURE 14 — POWER SUPPLY CURRENT versus 
TEMPERATURE 
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APPLICATIONS INFORMATION 


FIGURE 15 — IMPROVED METHOD OF ADDING 
HYSTERESIS WITHOUT APPLYING POSITIVE FIGURE 16 — CONVENTIONAL TECHNIQUE FOR 
FEEDBACK TO THE INPUTS ADDING HYSTERESIS 
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LM111, LM211, LM311 


~ APPLICATIONS INFORMATION 


Techniques for Avoiding Oscillations in Comparator Applications . 


When a high-speed comparator such as the LM111 is used 
with high-speed input signals and low source impedances, the 
output response will normally be fast and stable, providing the 
power supplies have been bypassed (with 0.1 uF disc capacitors), 
and that the output signal is routed well away from the inputs 
(Pins 2 and 3) and also away from Pins 5 and 6. . _ 

However, when the input signal is a voltage ramp or a slow 
sine wave, or if the signal source impedance is high (1.0 kf. to 
100 kQ), the comparator may burst into oscillation near the 
crossing-point. This is due to the high gain and wide bandwidth 
of comparators like the LM111 series. To avoid oscillation or 
instability in such a usage, several precautions are recom- 
mended, as shown in Figure 15. 

The trim pins(Pins 5 and 6) act as unwanted auxiliary inputs. If 
these pins are not connected to a trim-pot, they should be shorted 
together. If they are connected to a trim-pot, a0.01 uF capacitor 
(C1) between Pins 5 and 6 will minimize the susceptibility to ac 
coupling. A smaller capacitor is used if Pin 5 is used for positive 
feedback as in Figure 15. . 

Certain sources will produce a cleaner comparator output 
waveform if a 100 pF to 1000 pF capacitor (C2) is connected 
directly across the input pins. When the signal source is applied 
through a resistive network, R1, it is usually advantageous to 
choose R2 of the same value, both for dc and for dynamic (ac) 
considerations. Carbon, tin-oxide, and metal-film resistors have 
all been used with good results in comparator input circuitry, but 
inductive wirewound resistors should be avoided. 

When comparator circuits use input resistors (e.g., summing 
resistors), their value and placement are particularly important. 
In all cases the body of the resistor should be close to the device 
or socket. In other words, there should be a very shortlead length 
or printed-circuit foil run between comparator and resistor to 
radiate or pick up signals. The same applies to capacitors, pots, 
etc. For example, if R1 = 10kQ, as little as 5 inches of lead between 
the resistors and the input pins can result in oscillations that are 
very hard to dampen. Twisting these input leads tightly is the 
best alternative to placing resistors close to the comparator. 


FIGURE 17 — ZERO-CROSSING DETECTOR DRIVING 
CMOS LOGIC 


Balance 
Adjust 


Balance 
Input 


Output 
to CMOS Logic 


Since feedback to almost any pin of a comparator can result in 
oscillation, the printed-circuit layout should be engineered 
thoughtfully. Preferably there should be a groundplane under the . 
LM111 circuitry (e.g., one side of a double layer printed circuit 
board). Ground, positive supply or negative supply foil should 
extend between the output and the inputs, to act as a guard. The 
foil connections for the inputs should be as small and compact as 
possible, and should be essentially surrounded by ground foil on 
all sides, to guard against capacitive coupling from any fast high- 
level signals(such as the output). If Pins 5 and 6 are not used, they 
should be shorted together. If they are connected to a trim-pot, 
the trim-pot should be located no more than a few inches away 
from the LM111, and a 0.01 uF capacitor should be installed 
across Pins 5 and 6. If this capacitor cannot be used, a shielding 
printed-circuit foil may be advisable between Pins 6 and 7. The 
power supply bypass capacitors should be located within a 
couple inches of the LM111. 

A standard procedure is to add hysteresis to a comparator to 
prevent oscillation, and to avoid excessive noise on the output. 
In the circuit of Figure 16, the feedback resistor of 510 kQ. from 
the output to the positive input will cause about 3.0 mV of 
hysteresis. However, if R2 is larger than 1000, suchas 50kQ,, it 
would not be practical to simply increase the value of the positive 
feedback resistor proportionally above 510 kQ. to maintain the 
same amount of hysteresis. 

When both inputs of the LM111 are connected to active signals, 
or if a high-impedance signal is driving the positive input of the 
LM111 so that positive feedback would be disruptive, the circuit 
of Figure 15 is ideal. The positive feedback is applied to Pin 5 (one 
of the offset adjustment pins). This will be sufficient to cause 1.0 
to 2.0 mV hysteresis and sharp transitions with input triangle 
waves from a few Hz to hundreds of kHz. The positive-feedback 
signal across the 82 (1. resistor swings 240 mV below the positive 
supply. This signal is centered around the nominal voltage at Pin 
5, so this feedback does not add to the offset voltage of the com- 
parator. As muchas 8.0 mV of offset voltage can be trimmed out, 
using the 5.0 kQ pot and 3.0 kO resistor as shown. 


FIGURE 18 — RELAY DRIVER WITH STROBE CAPABILITY 


O 
Balance/ Strobe 
2N2222 


or Equiv 


*Zener Diode D1 
protects the comparator 
from inductive kickback 
and voltage transients 
on the Vcc2 supply line. 


TTL 
Strobe 
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LM139, A 


(AA) MOTOROLA LM239,A LM2901 
LM339,A MC3302 


QUAD SINGLE-SUPPLY COMPARATORS 
QUAD COMPARATORS 


These comparators are designed for use in level detection, low- 
level sensing and memory applications in Consumer Automotive 
and Industrial electronic applications. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Single of Split Supply Operation 
Low Input Bias Current — 25 nA (Typ) 
Low Input Offset Current — +5.0 nA (Typ) 


@ 

@ 

@ 

@ Low Input Offset Voltage — +1.0 mV (Typ LM139A Series) ; 
- PLASTIC PACKAGE 
S 

®& 


Input Common-Mode Voltage Range to Gnd CASE 646-05 


Low Output Saturation Voltage — 130 mV (Typ) @ 4.0 mA 
TTL and CMOS Compatible 


MAXIMUM RATINGS 


[SSCRating’ ~—=S*~*~*~*drC«CSymbd«Y Salve 
Power Supply Voltage LM139, A/LM239, A/ Vcc +36 or +18 Vdc 
LM339A/LM2901 
MC3302. +30 or +15 
Input Differential Voltage Range VIDR Vde 
LM139, A/LM239, A/LM339, A/LM2901 36 
MC3302 30 
Input Common Mode Voltage Range VICR -0.3 to Vcc 
Output Short-Circuit to Gnd (Note 1) Isc |Continuous | 
PD 
TA 


Input Current (Vin < -0.3 Vdc) (Note 2) Mare 


(CERAMIC PACKAGE . 
CASE 632-02 
MO-001AA 


PIN CONNECTIONS 


Output 


Derate above 25°C 


Operating Ambient Temperature Range 
LM139,A 

LM239,A 

LM2901/MC3302 

LM339, A 


Storage Temperature Range 


Power Dissipation @ Ta = 25°C 
Ceramic Package 
Derate above 25°C 
-—25 to +85 
-—40 to +85 
0 to +70 


Plastic Package 


(Top View) 


ORDERING INFORMATION 


Temperature | 
Range Package 


LM139J, AJ] -55°C to+125°C | Ceramic DIP 
LM239J, AJ -25°C to +85°C | Ceramic DIP 
LM239N, AN Plastic DIP 
LM339J, AJ 0°C to +70°C Ceramic DIP 
LM339N, AN Plastic DIP 
LM2901N -~40°C to +85°C_ _|Plastic DIP 
MC3302L Ceramic DIP 
MC3302P Plastic DIP 
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ELECTRICAL CHARACTERISTICS (Voc = +5. 0 Vdc, Ta = 25°C unless otherwise noted) 


Characteristic LM239A/339A 

Typ Ha 

Input Offset Voltage (Note 4) ; ; +10} +20 +2. ; } +2. +3. | £20 | 
Input Bias Current (Notes 4, 5) 25 a ee 


(Output in Linear Range) 
Input Offset Current (Note 4) ; +5, + : + +5. . ot +3.0 


| 


Supply Current 
Ry. = 2° (For All Comparators) 
Ri = %, Vcc = 30 Vde 
Voltage Gain 
Ru = 16 kN, Voc = 15 Vde 


Large Signal Response Time _ 
Vi = TTL Logic Swing, 
Vref = 1.4 Vde, Vp) = 5.0 Vde, 
Ry = 5.1 ka 


Response Time (Note 6) 

Vat = 5.0 Vde, Ry = 5.1 kf. 
Output Sink Current 

Vj (-) > +1.0 Vde, V+) = 0, Vg < 1.5 Vde 
Saturation Voltage 

Vi(-) > +1.0 Vde, Vi(+) = 0, Isink < 4.0 mA 


Output Leakage Current 
Vi(+) = +1.0 Vdc, Vi(-) = 0, Vo = +5.0 Vde 


Input Offset Voltage (Note 4) 


input Bias Current (Notes 4, 5) 
(Output in Linear Range) 


Input Offset Current (Note 4) 


Input Common-Mode Voltage Range 


Saturation Voltage 
V\(-) > +1.0 Vde, Vi(+) = 0, Isink < 4.0 mA 


Output Leakage Current 
V\(+) = +1.0 Vde, Vi(-) = 0, Vo = 30 Vde 


Differential Input Voltage 
All V, 2 O Vdc (Note 7) 


NOTES: 


! 1. The maximum output current may be as high as 20 mA, independent of the magnitude of Vcc. Output short circuits to Vcc can cause excessive heating and eventual 
destruction. 


2. This magnitude of input current will only occur if the leads are driven more negative than ground or the negative supply voltage. This is due to the input PNP collector- 
base junction becoming forward biased, acting as an input clamp diode. There is also a lateral PNP parasitic transistor action which can cause the output voltage of 
the comparators to go to the V¢c voltage level (or ground if overdrive is large) during the time that an input is driven negative. This will not destroy the device when limited 
to the max rating and normal output states wil! recover when the inputs become = ground or negative supply. 

. LM139/139A — Tiow = -55°C, Thigh =+125°C LM339/339A — Tipw = 0°C, Thigh = +70°C 

. LM239/239A — Tiow = -25°C, Thigh =+85°C LM2901/MC3302 — Tigw = -40°C, Thigh = +85°C 

. At the output switch point, Vg = 1.4 Vdc, Rg < 100 2, 5.0 Vde < Vcc < 30 Vdc, with the inputs over the full common-mode range (0 Vdc to Vcc - 1.5 Vdc). 

The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state. — 


. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical. 


NOOB Ww 


. Positive excursions of input voltage may exceed the power supply level. As long as one of the inputs remain within the common-mode range, the comparator will pro- 
vide the proper output state. With Vcc = 5.0 Vdc, Vj should be limited to 25 volts max. Limiting resistors should be used on all inputs that might exceed Vcc. 


ZOSEDIN ‘LOGZINT ‘V’GEEINT ‘V’GEZINT ‘“W‘6ELINT 


LM139,A, LM239,A, LM339,A, LM2901, MC3302 


/ 


FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS FIGURE 3 — NON-INVERTING COMPARATOR WITH 
HYSTERESIS 
+Vcc € Vcc 
C) 


Rref 


Vo 
VIN 
Vcc R1 
V Fn 
a ref Rref + RI 
R2 = R1//Rref 
R3=R1// Rref//R2 Amount of Hysteresis Viy 
_ -R1// Rref 7 R2 
VH = R1|\//Rre¢ + R2 (Vomax -YOmin! Vi = R27 RD (VOmax ~ VOmin) 
R2>> Rref//R1 
TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Ta = +25°C (each comparator) unless otherwise noted.) 
FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE FIGURE 5 — INPUT BIAS CURRENT 


NORMALIZED OFFSET VOLTAGE 
lip. INPUT BIAS CURRENT (nA) 


Ta, AMBIENT TEMPERATURE (°C) Vec (Vdc) 


FIGURE 6 — OUTPUT SINK CURRENT versus 
OUTPUT SATURATION VOLTAGE 


Ig, QUTPUT CURRENT (mA) 


WX 
ae 


Vsat- OUTPUT SATURATION VOLTAGE (mV) 
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LM139,A, LM239,A, LM339,A, LM2901, MC3302. 


FIGURE 7 — DRIVING LOGIC 


Vcc 


Rs = Source Resistance 
R1=Rs 
VCE Re 
LOGIC DEVICE Volts k&2 


- FIGURE 8 — SQUAREWAVE OSCILLATOR 


Vec >4v 


T2 = 
T1 = T2 = 0.69 RC 


7.2 


= 


SS 


C (uF) 
R2=R3= R4 
R1 = R2//R3//R4 


APPLICATIONS INFORMATION | 


These quad comparators feature high gain, wide band- 
width characteristics. This gives the device oscillation 
tendencies if the outputs are capacitively coupled to the in- 
puts via stray capacitance. This oscillation manifests itself 
during output transistions (VOL to VO). To alleviate this 
situation input resistors<10kQ should be used. The addi- 


FIGURE 9 — ZERO CROSSING DETECTOR 
(Single Supply) 


+15 V 


O01 prevents input from going negative by more than 0.6 V. 


R1+R2= RB 


ra3<? 


5 : . 
10 for small error in zero crossing 


tion of positive feedback (c10 mV) is also recommended. 
It is good design practice to ground all unused input pins. 
Differential input voltages may be larger than supply 
voltage without damaging the comparator’s input voltages. 
More negative than -300 mV should not be used. 


FIGURE 10 — ZERO CROSSING DETECTOR 
(Split Supplies) 


Vinmin ~0.4 V peak for 1% phase distortion (A). 


ViNmin 


© 
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SINGLE-SUPPLY, LOW-POWER, LOW-OFFSET-VOLTAGE 
DUAL COMPARATORS 


The LM193 series are dual independent precision voltage 
comparators capable of single-or split-supply operation. These 
devices are designed to permit a common mode range-to-ground 
level with single-supply operation. Input offset-voltage 
specifications as low as 2.0 mV make this device an excellent 
selection for many applications inconsumer automotive, and 
industrial electronics. 

Wide Single-Supply Range — 2.0 Vdc to 36 Vde 

Split-Supply Range — +1.0 Vdc to +18 Vdc 

Very Low Current Drain Independent of Supply-Voltage —0.4 mA 

Low Input Bias Current — 25 nA 

Low Input Offset Current — 5.0 nA 

Low Input Offset Voltage — 2.0 mV (max) LM193A/293A/393A 

— 5.0 mV (max) LM193/293/393 

Input Common Mode Range to Ground Level 

Differential Input Voltage Range Equal to Power Supply Voltage 


Output Voltage Compatible with DTL, ECL, TTL, MOS and CMOS 
Logic Levels 


FIGURE 1 — CIRCUIT SCHEMATIC 
(Diagram shown is for 1 comparator) 


+Input . ~Input Output 


LM193 LM193A 
LM293 LM293A 
LM393 LM393A 
~_LM2903. 


DUAL COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


H SUFFIX 
METAL PACKAGE 


CASE 601-04 
ECG 


Inputs B 


Gnd 
(Top View) 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


ORDERING INFORMATION 
Temperature |. | 
Device Range Package 


LM193AH,H '-55 to +125°C Metal Can 


LM293AH,H -25 to +85°C Metal Can 
LM393AH,H 0 to +70°C Metal Can 
LM393AN,N 0 to +70°C Plastic Mini DIP 
-40 to +85°C Plastic Mini DIP 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-13 


LM193, LM193A, LM293, LM293A, LM393, LM393A, LM2903 


MAXIMUM. RATINGS 


Input Current (1) 
(Vin < -0.3 Vdc) 


Output Short Circuit-to-Ground 
Output Sink Current 


Power Dissipation @ Ta = 25°C 
Molded DIP , 
Derate above 25°C 
Metal Can . 
Derate above 25°C 


Operating Ambient Temperature Range 
LM193, 193A -55 to+125 
LM293, 293A ~25 to +85 
LM393, 393A Oto +70 
LM2903 -40 to +85 
Maximum Operating Junction Temperature 
LM393, 393A, 2903 125 
LM193, 193A, 293, 293A 150 


Storage Temperature Range . -65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vde; *Tigpw<Ta< Thigh unless otherwise stated.) 
LM293A, LM393A 


Symbol [Min | Typ | Max_[ Min | Typ 


Characteristic 
Input Offset Voltage (2) 

Ta = 25°C 

Tlow S TA S Thig 


h 
Input Offset Current 
Ta = 25°C 
Tlow S Ta S Thigh 
Input Bias Current (3) 
Ta = 25°C 
Tlow S TAS Thig 


h 


Input Common Mode Voltage Range (4) 8 
1 Ta=25°C 0 
Tow S TAS Thigh ) 
Voltage Gain 50 


RL = 15 kM, Vcc = 15 Vde, Ta = 25°C 
Large Signal Response Time 
Vin = TTL Logic Swing, Vref = 1.4 Vde 

VaL = 9.0 Vde, Ry = 5.1 kQ, Ta = 25°C - 
Response Time (5) 

Vea = 5.0 Vde, RL = 5.1 kQ, Ta = 25°C 
Input Differential Voltage (6) 
All Vin 2 Gnd or V- Supply (if used) 
Output Sink Current 

Vin- 2 1.0 Vde, Vins = 0 Vdc, Vo < 1.5 Vde 
Ta = 25°C 
| Output Saturation Voltage 
Vin- 2 1.0 Vdc, Vin+ = 0, Isink < 4.0 mA, Ta = 25° 
Tlow S$ TAS Thigh ; 
Output Leakage Current 

Vin- = OV, Vint = 1.0 Vde, Vo = 5.0 Vde, Ta = 25°C 

Vin- = OV, Vint 2 1.0 Vde, Vo = 30 Vdc, 

Tow S TAS Thigh 

Supply Current 

Ri = Both Comparators, Ta = 25°C 
Ri = « Both Comparators, Vcc = 30 V 


lec 


VOL 
150 400 
a 700 


*LM193/193A — Tiow = -55°C, Thigh = +125°C 
LM293/293A — Tow = -25°C, Thigh = +85°C 
LM393/393A — Tiow = 0°C, Thigh = +70°C 

LM2903 — Tiow = -40°C, high = +85°C 
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Characteristic 


Input Offset Voltage (2) 
Ta = 25°C 
Tlow S TAS Thigh 


Input Offset Current 
Ta = 25°C 
Tlow S TAS Thigh 


Input Bias Current (3) 
TA = 25°C 
Tlow S TAS Thigh 


LM293, LM393 


Typ | Max | 


#5.0 
9.0 


Input Common Mode Voltage 
Range (4) 
Ta = 25°C 
Tlow S$ TAS Thigh 


Voltage Gain 
RL => 15 kQ, Vcc = 15 Vde, 
TA = 25°C 


Large Signal Response Time 
Vin = TTL Logic Swing, 
Vref = 1.4 Vde 
Vai = 5.0 Vde, RL = 5.1 kQ, 
Ta = 25°C 


Response Time (5) 
Vea = 9.0 Vde, Ry = 5.1 kQ, 
Ta = 25°C 


Input Differential Voltage (6) 
All Vin = Gnd or V- Supply 
(if used) 


Output Sink Current 
Vin- = 1.0 Vdc, Vin+ = O Vdc, 
Vo < 1.5 Vde Ta = 25°C 
Output Saturation Voltage 
Vin- => 1 A0) Vdc, Vin+ = O, 
Isink < 4.0 mA, Ta = 25°C 
Tow S TAS Thigh 
Output Leakage Current 
Vin- = O V, Vint => 1.0 Vdc, 
Vo = 5.0 Vdc, Ta = 25°C 
Vin- = OV, Vin+ 2 1.0 Vdc, 
Vo = 30 Vdc, 
Tlow S$ TAS Thigh 


Supply Current 
Ri = x Both Comparators, 
Ta = 25°C , 
R_-= * Both Comparators, 

Vec=30V 


*LM193/193A — Tiow = 55°C, Thigh = +125°C 
LM293/293A — Tlow = -25°C, Thigh = +85°C 
LM393/393A — Tiow = 0°C, Thigh = +70°C 


NOTES: 
(1) This magnitude of input current will only occur if the input leads are 
driven more negative than ground or the negative supply voltage. This 
is due to the input PNP collector-base junction becoming forward 
biased, acting as an input clamp diode. There is also a lateral PNP 
parasitic transistor action on the IC chip. This phenomena can cause 
the output voltage of the comparators to go to the Vcc voltage level 
(or ground if overdrive is large) during the time the input is driven 
negative. This will not destroy the device and normal output states will 
recover when the inputs become > -0.3 V of ground or negative supply. 
At output switch point, Vg = 1.4 Vdc, Rg= OM with Vcc from 5.0 Vde 
to 30 Vdc, and over the full input common-mode range (0 volts to 
Vcc -1.5 volts) 
(3) Due to the PNP transistor inputs, bias current will flow out of the 
inputs. This current is essentially constant, independent of the output 
state, therefore, no loading changes will exist on the input lines. 


(2 


— 


(4) 


(8) 


Input common mode of either input should not be permitted to go more 
than 0.3 V negative of ground or minus supply. The upper limit of 
common mode range is Vcc -1.5 V, but either or both inputs can be 
taken to as high as 30 volts without damage. 

Response time is specified with a 100 mV step and 5.0 mV of overdrive. 
With larger magnitudes of overdrive, faster response times are 
obtainable. 

The comparator will exhibit proper output state, if one-of the inputs 
become greater than Vcc, the other input must remain within the 
common mode range. The low input state must not be less than 
-0.3 volts of ground or minus supply. ; 

If input signals exceed Vcc, only the overdriven comparator is affected. 
Overdriven inputs should be limited to 25 V when using a 5.0 V supply. 
input current limiting resistors should be used when inputs are likely 
to exceed supply positive supply voltage. 
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LM193, LM193A, LM293, LM293A, LM393, LM393A, LM2903 


TYPICAL PERFORMANCE CHARACTERISTICS | 


LM193,A/293,A/393,A 


FIGURE 2 — INPUT BIAS CURRENT versus 
- POWER SUPPLY VOLTAGE 


lig. INPUT BIAS CURRENT (nA} 
~~ 
fom} 


Vcc. SUPPLY VOLTAGE (Vdc) 


FIGURE 3 — OUTPUT SATURATION VOLTAGE 


versus OUTPUT SINK CURRENT 
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Voy. SATURATION VOLTAGE (Vdc) 


Isinke OUTPUT SINK CURRENT (mA) 


FIGURE 4 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE 
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LM2903 


FIGURE 5 — INPUT BIAS CURRENT versus 
POWER SUPPLY VOLTAGE 


lig. INPUT BIAS CURRENT (nA) 


Voc, SUPPLY VOLTAGE (Vdc) 


FIGURE 6 — OUTPUT SATURATION VOLTAGE | 
versus OUTPUT SINK CURRENT 
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FIGURE 7 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE 
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LM193, LM193A, LM293, LM293A, LM392, LM393A, LM29023 


APPLICATIONS INFORMATION 


These dual comparators feature high gain, wide band- 
width characteristics. This gives the device oscillation 
tendencies if the outputs are capacitively coupled to the 
inputs via stray capacitance. This oscillation manifests 
itself during output transitions (VoL to VOH). To alleviate 
this situation input resistors < 10k) should be used. The 


FIGURE 8 — ZERO CROSSING DETECTOR 
(Single Supply) 


+15 V 


D1 prevents input from going negative by more than 0.6 V. 
R1+ R2= R3 


R 
R3< . for small error in zero crossing 


FIGURE 10 — FREE-RUNNING SQUARE-WAVE OSCILLATOR 


Vcc 


RL 
10 k 


Vo 


t 


addition of positive feedback (< 10 mV) is also recom- 
mended. 


It is good design practice to ground all unused pins. 


Differential input voltages may be larger than supply | 


voltage without damaging the comparator’s input volt- 
ages. More negative than —0.3 V should not be used. 


FIGURE 9 — ZERO CROSSING DETECTOR 
(Split Supplies) 


ViNmin ~0.4 V peak for 1% phase distortion (40). 


sae ox 6: 


LM193 


-VEE 


FIGURE 11 — TIME DELAY GENERATOR 


| | | | Vcc Vcc 


—— t ——_» 


“ON” fort = to + At 

where: 

At = RC Qn (_Vref_) 
Vcc 


FIGURE 12 — COMPARATOR WITH HYSTERESIS 


Vcc 
RS : RL 
LM193 
+4 
Vref 
Ri R2 
Rs = R11 || R2 
(VCC — Vref) R1 
mee. 
Bet Ba. AO AL 
V — Vo Low) R1 


R1 + R2 + RL 
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MC1414 MOTOROLA 
MC1514 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 


DUAL 
DIFFERENTIAL 
COMPARATOR 


... designed for use in level detection, low-level sensing, and 
memory applications. 


Two Separate Outputs 
Strobe Capability 
High Output Sink Current 


2.8 mA Minimum (Each Comparator) for MC 1514 
1.6 mA minimum (Each Comparator) for MC1414 


Differential Input Characteristics 
Input Offset Voltage = 1.0 mV for MC1514 
= 1.5 mV for MC1414 
Offset Voltage Drift = 3.0 uV/°C for MC1514 
= 5.0 uv/°C for MC1414 


Short Propagation Delay Time — 40 ns typical 


(DUAL MC1710) 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Output Compatible with All Saturating Logic Forms 
Vo = +3.2 V to -0.5 V typical 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) L SUFFIX 


IC PACKAGE 
Rating ieee 


CASE 632-02 
Power Supply Voltages Vcc +14 
VEE -7.0 


Vdc MO-001AA 
Differential Mode Input Voltage Range VIDR 
Common Mode Input Voltage Range VICR 


Power Dissipation (Package Limitation) 
Ceramic Dual In-Line Package 
Derate above Ty, = 25°C 


Plastic Dual tn-Line Package 
Derate above Ta = 25°C 


Operating Temperature Range MC1514 TA -55 to +125 ss 
MC1414 0 to +75 


P SUFFIX 
Storage Temperature Range -65 to +150 PLASTIC PACKAGE 
CASE 646-05 
(MC1414 only) 
CIRCUIT SCHEMATIC 
Vcc Strobe Strobe Vcc 
0 2 0 Rx e 9 9 
Output 1 | 14) VEE 
Strobe 2 | ae 
Non-Inverting 
Vec 3 Input 
N.C 111] Gnd 
Non-Inverting 
Input 10] Vec 
inverting 
Input 9 | Strobe 


Non-Inverting 
Input VEE 8 | Output 


Ry = Low Resistance Value, usually < 1009), not specified. 
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MC1414, MC1514 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, Veg = -6 Vdc, Ta = 25°C uniess otherwise noted.) (Each Comparator) 


Input Offset Voltage 
(Vo = 1.4 Vdc, Ta = 25°C) 

(Vo = 1.8 Vdc, Ta = Tigw”*) 
(Vo = 1.0 Vdc, Ta = Thigh*) 
Temperature Coefficient of Input Offset Voltage 


mVdc 


Q 
z 
o 
3 
af 
a 
7) 
4 
3 
s 
FE 
=~ 
CG 
Ny 
o 
SG 


3.0 


uV/°C 
uAdc 


i) 
°o 

sg 

° 


oh 

NO 

NO B AD 

oao 
ach 
no] ran) 
OS 2 


Input Offset Current 
(Vo = 1.4 Vde, Ta = 25°C) 
(Vo nal 1.8 Vdc, TA = Tlow) 
h) 


3.0 


Peas Pac x 
no 


eae 
oo) 


Input Bias Current wAdc 


(Vo = 1.4 Vde, Ta = 25°C) 25 
(Vo = 1.8 Vde, Ta = Tigw) 40 
(Vo = 1.0 Vdc, Ta = Thigh) 40 


N = 


: nas 
ro) 


N 
ol 
> 


(Vip 2-5.0 mV, los = 2.8 mA) 
(Vip 2-5.0 mV, Igg = 1.6 mA) 


Output Sink Current 2.8 3 
(Vip 2-5.0 mV, VoL < 0.4 V, Ta = Tigw to Thigh) 


Common-Mode Rejection Ratio CMRR 
(VEE = -7.0 Vdc, Rg < 200 2) 


Strobe High Level Current 
~ (Vip = 5.0 Vde) 


Strobe Disable Voltage 
(VoL S0.4 Vdc) 


Strobe Enable Voltage Vip -f 3.5 
(VOH 22.4 Vdc) 


Open Loop Voltage Gain co V/V 
(Tp = 25°C) 1250 1700 
(Ta = Tiow to Thigh) 1000 — 800 

Output Resistance | Ro | a 200 | ohms | 

High Level Output Voltage VOH 2.5 3.2 3.2 Vdc 
(Vip 25.0 mV, O<I9 <5.0 mA) ‘aa 

Low Level Output Voltage VOL 0 Vdc 


on 


mAdc 


+5.0 Vdc 


= 
fo) 
oO 
~w 
oO 


~ 
o 


w 
o 


uA 


Vdc 


Vdc 


nN 


mAdc 


Total Power Supply Current, Both Comparators lec 
(Vo <0) 


Total Power Consumption, Both Comparators 


Ww 
(eo) 
Oo 


230 


*Tlow = -55°C for MC1514, 0°C for MC1414 
Thigh= +125°C for MC1514, +75°C for MC1414 


FIGURE 1 — PROPAGATION DELAY TIME FIGURE 2 — STROBE RESPONSE TIME 


Strobe 


Output 


Output 
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MC1414, MC1514 


TYPICAL CHARACTERISTICS 
| (Each Comparator) 


FIGURE 3 — VOLTAGE TRANSFER FIGURE 4 — INPUT OFFSET VOLTAGE 
CHARACTERISTICS versus TEMPERATURE 


Vio. INPUT OF FSET VOLTAGE (mV) 


Vg, OUTPUT VOLTAGE (VOLTS) 


-30 60 -40 -2.0 0 2.0 4.0 6.0 8.0 


Vin, INPUT VOLTAGE (mV) Tp, AMBIENT TEMPERATURE (°C) 
FIGURE 5 — INPUT OFFSET CURRENT FIGURE 6 — INPUT BIAS CURRENT 
versus TEMPERATURE versus TEMPERATURE 


11g, INPUT BIAS CURRENT (uA) 


lio, INPUT OFFSET CURRENT (uA) 
RO 
Co 
| 4 


Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 7 — GAIN VARIATION FIGURE 8 — VOLTAGE GAIN 


WITH POWER SUPPLY VOLTAGE versus TEMPERATURE 


Vee =-7.0 Vde 


Z 5 
> = 2000 
z = 
& Z 
hd 
Oo uJ 
wo 
ars) j 
a = ~ 
eS — ~~ 
7 cane 
1000 PT ft tf 
—55 -—25 0 25 50 75 100 125 
Voc, POSITIVE SUPPLY VOLTAGE (Vdc) , Ta, AMBIENT TEMPERATURE (°C) ~ 
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MC1414, MC1514 


FIGURE 10 — POWER DISSIPATION 
FIGURE 9 — RESPONSE TIME versus TEMPERATURE 


4.0 ay) 300 
a 
3.0 
° 
uw 
: —\ 
= 2.0 = 
$ 20 mV Overdrive 5.0 mV Overdrive = 250 
5 1.0 S 
- 10 mV Overd V e 
5 mV Overdrive 2.0 mV Overdrive = 
o nv 
a wn 
> 3 
wi 
= 
= 200 
oe 


150 
—55 -25 0 25 50 7 100 125 


t, TIME (ns) Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 11 — RECOMMENDED SERIES RESISTANCE 
versus MRTL LOADS FIGURE 12 — SINK CURRENT versus TEMPERATURE 


100 }—f fF 


fee | Ld 

a as On Rs 

Fea oat) es O41 MRTL jo 
Pade al an Ee 

ae HH 


aie a = 
| coal 
2 a 
< 19+——_+ oe 
° —e = aaah > 
-——— mW MRTL =o = 
an = 
5.0 2 
2 
’ Med. Power 
itt | 
1.0 
0.1 “i 
rs ae RESISTANCE ae Ta, TEMPERATURE (°C) 


FIGURE 13 — CROSSTALKt 


Gout 1 


Cin = +50 mV 
To Scope 


eout 2 


To Scope 


Cout 2 


Induced output signal in 
amplifier #2 due to output 
signal at amplifier #1. = 


TIME, 50 ns/div 
TWorst case condition shown — no toad. 
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MC1710 
MC1710C 


DIFFERENTIAL VOLTAGE COMPARATORS 


_. designed for use in level detection, low-level sensing, and 
memory applications. 


@ Differential Input Characteristics — 
Input Offset Voltage = 1.0 mV — MC1710 
= 1.5 mV — MC1710C 


Offset Voltage Drift = 3.0 uV/OC — MC1710 
= 5.0uV/°C — MC1710C 


@ Fast Response Time — 40ns 


© Output Compatible with all Saturating Logic Forms — 
Vo = +3.2 V to -0.5 V (Typ) 


@ Low Output Impedance — 200 Ohms 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Supply Voltage 


Differential Input Signal Voltage 
Common Mode Input Swing Voltage 
Peak Load Current 


Power Dissipation 
(Package Limitations) 


Metal Package 
Derate above Ta = +25°C 


Ceramic Dual In-Line Package 
Derate above Ta = +25°C 


500 
INVERTING ae 


O 
samba | OUTPUT 


MOTOROLA 


DIFFERENTIAL 
COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601-04 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


*Connected to pin 6 via the substrate on 
some plastic units. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 ~ 
(MC1710C Only) 
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MC1710, MC1710C 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 


[eharactersie SS SdY;SCSvmbot Minty Max Unit 


Input Offset Voltage Vio mVdc 
(Vo = 1.4 Vde, Ty = +25°C) MC1710 
MC1710C ; 
(Vo = 1.8 Vde, Ta = -55°C) MC1710 
(Vo = 1.0 Vde, Tp = +125°C MC1710 
(Vo = 1.5 Vdc, Ta = 0°C) MC1710C 6.5 
(Vo = 1.2 Vde, Ta = +75°C) MC1710C _ 


6.5 
Temperature Coefficient of Input Offset Voltage AViI9/AT ee ae ae 


Input Offset Current uAdc 


(Vo = 1.4 Vde, Ty = +25°C) MC1710 
MC1710C 
(VQ = 1.8 Vde, Ty = -55°C) MC1710 
(Vo = 1.0 Vde, Ty = +125°C) MC1710 
(Vo = 1.5 Vde, Ta = 0°C) MC1710C 


(Vo = 1.2 Vde, Ty = +75°C) MC1710C 


Input Bias Current 


(Vo = 1.4 Vde, Ta = +25°C) MC1710 
MC1710C 
(Vo = 1.8 Vde, Ta = -55°C) MC1710 
(Vo = 1.0 Vde, Tp = +125°C) MC1710 
(Vo = 1.5 Vde, Ta = 0°C) MC1710C 
(Vo = 1.2 Vde, Ty = +75°C) MC1710C 


Voltage Gain 


(Ta = +25°C) | MC1710 
MC1710C 
(TA = Tow to Thigh) (1) MC1710 


MC1710C 


Output Resistance 


Differential Voltage Range 


Positive Output Voltage 
(Vip 25.0 mV,0<!I9 <5.0 mA) 


Negative Output Voltage 
(Vip 2-5.0 mV) 


Output Sink Current 


(Vip 2-5.0 mV, Vo <0) MC1710 
MC1710C 
(Vip 2-5.0 mV, Vo 20, Ta = Tiow) MC1710 
MC1710C 


Input Common-Mode Voltage Range 
(Veg = -7.0 Vdc) 


Common-Mode Rejection Ratio 
(Veg = -7.0 Vdc, Rg < 200 Ohms) MC1710 
. MC1710C 


Propagation Delay Time for Positive and Negative Going Input Pulse 
(Vip= 5.0 mV + Vio) 


Power Supply Current 
(Vo <0) 


ower Consumption 


P 


(1) Tow = -55°C for MC1710, 0°C for MC1710C 
Thigh = +125°C for MC1710, +75°C for MC1710C 


gt 
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MC1710, MC1710C 


TYPICAL CHARACTERISTICS 


FIGURE 1 — VOLTAGE TRANSFER FIGURE 2 — INPUT OFFSET VOLTAGE 
CHARACTERISTICS versus TEMPERATURE 
; S 


——MC1710, MC1710C 
=-——=MC1710 Only | 


2.0 


Vo. OUTPUT VOLTAGE (VOLTS) 
Vig, INPUT OFFSET VOLTAGE (mV) 


~65 -25 0 +25 +50 +75 +100 = +125 


Vin, INPUTIVOLTAGE (mV) Tp, AMBIENT TEMPERATURE (°C) 
FIGURE 3 — INPUT OFFSET CURRENT FIGURE 4 — INPUT BIAS CURRENT 
versus TEMPERATURE versus TEMPERATURE 
5.0 : i , : 25 ane ee 
| | ———'mc1710, MC1710C = ——— wci710, Mc1710¢ 
I | == MC1710 Only ‘1 ——— MC1710 Only 
4.0 
< 20 
5 q 
c 3.0 2 
3 rd 
uy 3 15 
o = 
=a 
g g 
= Se 
= = 10 


0 : 5.0 
55 25 0 +25 +50 +75 #100. +125 55 ~25 0 +25 150475 ~~ 100—«+1285 
Tp, AMBIENT TEMPERATURE (°C) Tp, AMBIENT TEMPERATURE (°C) 
FIGURE 5 — GAIN VARIATION FIGURE 6 — VOLTAGE GAIN 
WITH POWER SUPPLY VOLTAGE versus TEMPERATURE 
2500 = 
—— MC1710, MC1710C 
————MC1710 Only 
as —— 
S = 2000 
= = 
5 g 
< < 
s S 
2 3 1500 


-§5 ~—25 0 +25 +50 +75 +100 9 +125 
Vcc, POSITIVE SUPPLY VOLTAGE (Vdc) Ta, AMBIENT TEMPERATURE (°C) 
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MC1710, MC1710C 


TYPICAL CHARACTERISTICS (Continued) 


FIGURE 7 — RESPONSE TIME 


t, TIME (ns) 


FIGURE 9 — RECOMMENDED SERIES RESISTANCE 
versus MRTL LOADS 


ae ee Sag amar! 


Siar 
MC1710 


MC1710C 


100 


0.1 0.2 0.5 1.0 2.0 5.0 10 
Ro, SERIES RESISTANCE (k OHMS) 


FIGURE 8 — POWER DISSIPATION versus TEMPERATURE 


150 
—— MC1710, MC1710C 


= —=.MC1710 Only 


= thes! 
a uae | 
2 
=) 
ra 
¢ 
a — om 
B Tapes 
a 
[5 ex 
Ly 
Ss 
oO 
2 100 | 
j=} 
a 
75 
—55 ~25 0 +25 +50 +75 +100 +125 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — FAN-OUT CAPABILITY 
WITH MDTL OR MTTL OUTPUT SWING 


V7777) ACTUAL OUTPUT 
SWING 


MINIMUM HIGH STATE 


INPUT VOLTAGE 
IMITS 


Vo, QUTPUT VOLTAGE SWING (VOLTS) 


MAXIMUM LOW STATES 
MTTL, MOTL 


10R2 
FAN-OUT CAPABILITY 
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MC1711 


MC1711C MOTOROLA 


DUAL DIFFERENTIAL 
COMPARATOR 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 


... designed for use in level detection, low-level sensing, and memory 
applications. . 
Typical Characteristics: 
@ Differential Input 
Input Offset Voltage = 1.0 mV 
Offset Voltage Drift = 5.0 uV/OC 
@ Fast Response Time — 40 ns 
@ Output Compatible with All Saturating Logic Forms 
Vout = +4.5 V to -0.5 V typical 
@ Low Output Impedance — 200 ohms 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 603-04 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


VEE -7.0 
Pp 


(Top View) 


Power Dissipation (package limitation) 
Metal Package 
Derate above Ta = +25°C 


L SUFFIX 


CERAMIC PACKAGE 
Ceramic and Plastic Dual In-Line Packages CASE 632-02 
Derate above Ta = +25°C 5.0 MO-001AA 


Operating Temperature Range MC1711 Ta -55 to +125 
MC1711C 0 to +75 
Storage Temperature Range T stg -65 to +150 ee 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 
(MC1711C only) 


CIRCUIT SCHEMATIC 


STROBE 10 O STROBE 2 


INVERTING 
INPUT 1 


(Top View) 


O 
NONINVERTING NONINVERTING 
INPUT 1 INPUT 2 


*Connected to pin 4 via the substrate on 
some plastic units. 
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MC1711, MC1711C 


ELECTRICAL CHARACTERISTICS (each comparator) (Voc = +12 Vdc, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 


MC1711 MC1711C 


Input Offset Voltage 
(Vicor = 0 Vde, Ta = +25°C) 
(VicR # 0 Vdc, Ta = +25°C) 
(VicR = 0 Vdc, Ta = Tigy to Thigh”) 
(Vicrn #0 Vdc, Ta = Tlow to Thigh) 


Temperature Coefficient of Input Offset Voltage 5.0 


Input Offset Current 
(Vo = 1.4 Vde, Ta = +25°C) 
(Vo = 1.8 Vde, Ta = -55°C) 
(Vo = 1.5 Vdc, Ta = 0°C) 
(Vo = 1.0 Vdc, Ta = +125°C) 
(Vo = 1.2 Vde, Ta = +75°C) 


Input Bias Current 
(Vo = 1.4 Vde, Ta = +25°C) 
(Vo = 1.8 Vde, Ta = -55°C) 
(Vo = 1.5 Vde, Ta = 0°C) 
(Vo = 1.0 Vdc, Ta = +125°C) 
(Vo = 1.2 Vdc, Ta = +75°C) 


Voltage Gain 
(Ta = +25°C) 1500 
(Ta = Tlow tO Thigh) 


700 
500 


NO 
[oe] 
o 


Output Resistance 


Differential Voltage Range 


w 
Ls) 


WO] = a : 
OMI N 


High Level Output Voltage 
(Vip 210 mVdc, O<!9 <5.0 mA) 

Low Level Output Voltage 
(Vip 2-10 mVdc) 


Strobed Output Level 


Output Sink Current 
(Vin 2-10 MV, Vo > 


Le) 


+5.0 
2.5 
0.5 

+5.0 


Response Time tr 
(Vp = 5.0 mV + Vio) 


Strobe Release Time 


Strobe Current 


12 
8.6 
3.9 


awh 
Ww 
oO 


*Tiow = -55°C for MC1711, O°C for MC1711C 
Thigh +125°C for MC1711, +75°C for MC1711C 
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MC1711, MC1711C 


Vg, QUTPUT VOLTAGE (VOLTS) 


Avol, OPEN LOOP VOLTAGE GAIN (V/V) 


Pp, dc POWER DISSIPATION (mW) 


TYPICAL CHARACTERISTICS 


FIGURE 1 — VOLTAGE 
TRANSFER CHARACTERISTICS 


0 
10-80 -6.0 -4.0 -20 0 +20 +40 +60 +80 
Vin, INPUT VOLTAGE, (mV) 


FIGURE 3 ~ VOLTAGE GAIN 
versus TEMPERATURE 


13005 


-60 +80 
Ta, AMBIENT TEMPERATURE, (°C) 


+100 


FIGURE 5 — VOLTAGE GAIN VARIATION 
WITH POWER SUPPLY VOLTAGE 


140 


130 


120 


110 Gains ace Oe 
-60 -40 -20 0 +20 +40 +60 +80 


Ta, AMBIENT TEMPERATURE, (°C) 


+100 


+120 +140 


+120 +140 


Vg, OUTPUT VOLTAGE STROBE VOLTAGE (VOLTS) 


jg, INPUT BIAS CURRENT (uA) 


(mV) 


Vo, OUTPUT VOLTAGE Vin, INPUT VOLTAGE 
(VOLTS) 


(VOLTS) 


: lca 


-10 0 +20 +40 +60 +80 


FIGURE 2 — INPUT BIAS CURRENT. 


versus TEMPERATURE 


+80 +100 +120 +140 


Ta, AMBIENT TEMPERATURE, (°C) 


FIGURE 4 — RESPONSE TIME 
FOR VARIOUS INPUT OVERDRIVES 


Veco =t+12V 
Vee =-6.0V 
Ta = +259C 


+100 +120 


t, TIME (ns) 


FIGURE 6 — STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 


Veco =+12V 
Vee=-6.0V 


t, TIME (ns) 
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MC1711, MC1711C 


FIGURE 8 — OUTPUT PULSE STRETCHING 
FIGURE 7 — COMMON-MODE PULSE RESPONSE WITH CAPACITIVE LOADING 


+3.0 


| 


Vec=tt2V 
VEE = -6.0V 
Ta = +25°9C 


Vec=+12V 


Vicr, COMMON-MODE INPUT VOLTAGE 
(VOLTS) 


1 
Sn 
ogo 


Vg, OUTPUT VOLTAGE (VOLTS) 


Vo, OUTPUT 

VOLTAGE (VOLTS) 
et ) 
oS 


}o 
RO 
ao 
o 
+ 
nN 
oS 
+ 
> 
Oo 


+60 +80 +100 +120 +140 +160 +180 


t, TIME (ns) t, TIME (ns) 
FIGURE 9 — RECOMMENDED SERIES RESISTANCE FIGURE 10 — FAN-OUT CAPABILITY 
versus MRTL LOADS WITH MDTL OR MTTL OUTPUT SWING 


V//1{/| ACTUAL OUTPUT 
SWING 


MINIMUM HIGH STATE 
MTTL 


MDTL, MTTL - 
INPUT VOLTAGE 


LOADS 


—=ee Sais LH mW MRTL 
HS 


Vo, QUTPUT VOLTAGE SWING (VOLTS) 


1.0 2.0 
Rs, SERIES RESISTANCE (k OHMS) 


lor2 
FAN-OUT CAPABILITY 
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~ MC3424,A 
MC3524,A 


MC3324,A 


~ Advance Information 


POWER SUPPLY SUPERVISORY CIRCUIT/ 
DUAL-VOLTAGE COMPARATOR 


The MC3424 series is a dual-channel supervisory circuit, consist- 
ing of two uncommitted input comparators, a reference, output 
comparators, with high current Drive and Indicator outputs foreach 
channel. The input comparators feature programmable hysteresis, 
high common-mode rejection, and wide common-mode range, Capa- 
ble of comparing at ground potential with single-supply operation. 
Separate Delay pins are provided to increase noise immunity by 
delaying activation of the outputs. A 2.5 V bandgap voltage reference 
is pinned-out for referencing the input comparators, or other exter- 
nal functions. Independent high current Drive and Indicator outputs 
for each channel can source and sink up to 300 mA and 30 mA 
respectively. CMOS/TTL compatible digital inputs provide Remote 
Activation of each channel's outputs. An Input Enable pin allows 
control of the input comparators. 

Although this device is intended for power supply supervision, the 
pinned-out reference, uncommitted input comparators, and many 
other features, enable the MC3424 series to be utilized for a wide 
range of applications. 

@ Pinned-Out 2.5 V Reference 

@ Wide Common-Mode Range 

@ Programmable Hysteresis 

@ Programmable Time Delays 

@ Two 300 mA Drive Outputs 

@ Remote Activation Capability 

@ Wide Supply Range: 4.5V < Vcc < 40 V 


APPLICATIONS 

Dual Over-Voltage ‘‘Crowbar”’ Protection 
Dual Under-Voltage Supervision 
Over/Under Voltage Protection 
Split-Supply Supervision 

Line-Loss Sensing 

Proportional Controller . 

Programmable Frequency Switch 
Battery Charger 


TYPICAL APPLICATION 


Over-Voltage Crowbar Protection, Under-Voltage Indication 


Suppl 
idee Indication 


Under-Voltage 


MOTOROLA 


POWER SUPPLY SUPERVISORY 


CIRCUIT/ DUAL VOLTAGE 
COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-02 


Enable 
Select! /C1+ 


(Top View) 


ORDERING INFORMATION 


Temperature 
Device Range Package 


MC3524L, AL -55 to +125°C Ceramic DIP 


MC3324L, AL Ceramic DIP 
MC3324P,AP | ~40 to t85°C Plastic DIP 
MC3424L, AL 0 to +70°C Ceramic DIP 


MC3424P, AP Plastic DIP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC3424,A, MC3524,A, MC3324,A 


MAXIMUM RATINGS 


Power Supply Voltage 


Comparator Input Differential Voltage Range 


Comparator Input Voltage Range 
Input Enable Voltage Range | Ve | -0.3 to +40 Vdc 
Remote Activation Input Voltage Range -0.3 to +40 Vdc 


Drive Output Short-Circuit Current 


Indicator Output Voltage 


Indicator Output Sink Current 


Power Dissipation and Thermal Characteristics 
Ceramic Package 
Maximum Power Dissipation @ Ta = 95°C 
Thermal Resistance Junction to Air 
Plastic Package 
Maximum Power Dissipation @ Ta = 70°C 
Thermal Resistance Junction to Air 
Operating Junction Temperature 


Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
MC3524, MC3524A 
MC3324, MC3324A 

MC3424, MC3424A 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


-55 to +125 
-40 to +85 
0 to +70 


-65 to +175 
-55 to +150 


ELECTRICAL CHARACTERISTICS (4.5 V<Vcc <40 V; Ta = Tlow to Thigh [see Note 1] unless otherwise specified.) 


Characteristic 


REFERENCE SECTION 


Reference Output Voltage 
Vcc = 15V; IL =QOmA 
Ta = 25°C : 2.5 2.525 
Tlow to Thigh (Note 1) 2.5 2.55 


Line Regulation 
45V<Vcc < 40 V; IL =O mA; Ty = 25°C 


Load Regulation 
OmA< I, <10mA; Vcc = 15 V; 
Ty = 25°C 


Output Short-Circuit Current (Ta = 25°C) 


Power Supply Voltage Operating Range 


Power Supply Current 
Vcc = 40 V; Ta = 25°C; No Output Loads 
Vc1-. Ve2- = Vcc: 
Vc1+, Vo2+= OV 


Vc1+, Vc2+ = Vcc: 
Vc1-. Vce2-=9OV 


NOTES: 

(1) Thow = -55°C for MC3524, MC3524A Thigh +125°C for MC3524, MC3524A 
= -40°C for MC3324, MC3324A +85°C for MC3324, MC3324A 
= O°C for MC3424, MC3424A = +70°C for MC3424, MC3424A 


(2) The input common-mode voltage or input signal voltage should not be allowed to go negative by more than 300 mV. The upper functional limit of the com- 
mon-mode voltage range is typically Vec -1.4 volts, but either or both inputs can go to 40 volts, independent of Vcc, without device destruction. 


(3) The Vip(Es1) limits are approximately 0.9 times the Vref limits over the applicable temperature range. 


(4) The Vtr(oc) limits are approximately the Vre¢ limits over the applicable temperature range. 


ee tiie shee 
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MC3424,A, MC3524,A, MC3324,A 


ELECTRICAL CHARACTERISTICS (4.5 V<Vcc <40 V; Ta = Tlow to Thigh [see Note 1] unless otherwise specified.) 


MC3524A/3424A/3324A MC3524/3424/3324 
Characteristic Symbol 


INPUT SECTION 
Input Offset Voltage Vio 
Ta = 25°C 
Tlow to Thigh (Note 1) 
Input Offset Current 
Ta = 25°C 
Tiow to Thigh (Note 1) 
VICR 
VH(act) 
IH 
Vcc = 15 V; Vet1-. Vc2- = 2.5 V; 
Vc1+, VC2+ = Vcc: Ta = 25°C 
Common Mode Rejection Ratio CMRR 
Power Supply Rejection Ratio PSRR 
Input Enable Threshold (Pin 16; Note 3) Vthi(lE) 


Input Enable Current (Pin 16) 
NIL(IE) 


VIL(IE) =O V 
VIH(IE) = 40 V NH(IE) 


Input Bias Current 
Ta = 25°C 


Comparator Input Functional Common 
Mode Range (Ta = 25°C, Note 2) 


Hysteresis Activation Voltage 

Vcc = 15 V; Ve14. Ve2+ = Vec: Ta = 25°C 
lH = 10% 
lH = 90% 


Hysteresis Current 


Enable Select 1 Threshold Voltage (Pin 2) Vth(ES1) 2.2 


Delay Pin Voltage (Ip, y = O mA) 


Low State VOL(DLY) 
High State VOH(DLY) 

Delay Pin Soutce Current _ 150 
Vcc = 15 V; VpLy1. VDLY2 = 0 V 

Delay Pin Sink Current IDLY(sink) 1.8 


Vcc-2.0 


560 800 


N > |]N 

on oRme) 
oN 

© 

oO 


NIL(RA) 
NH(RA) 


tPLH(IN/ DRV) 


Vcc = 15 V; VoLy1. VoLY2= 2.5 V 
OUTPUT SECTION 
Drive Output V (IpRy = 100 mA; Ta = 25°C) VOH(DRV) Vec-2.5 
Drive Output Leakage Current (Vppy = 0 V) IDRVileak) 
di/dt 
Drive Output Transient Rejection (Ta = 25°C) 
Vcc = 0 Vto 15 V at dV/dt = 200 V/us; 
Indicator Output Saturation Voltage VIND(sat) 
IND = 30 mA; Ta = 25°C 
Indicator Output Leakage Current IIND(leak) 
VOH(IND) = 40 V | 
Remote Activation Threshold Voltage Vth(RA) 1.3 1.5 
Remote Activation Current 
VIH(RA) = 40 V 
Propagation Delay (Vcc = 15 V; Ta = 25°C) 
100 mV Overdrive, Cp, y = O uF 
Remote Activation to Drive Output 


Drive Output Peak Current (Ta = 25°C) IDRV(peak) 200 
Drive Output Current Slew Rate (Ta = 25°C) 
IDRV(trans) 

Vc1-. VC2- = Vref: Vc1+. Ve2+ = OV 
Output Comparator Threshold V (Note 4) — Vth(OC) 2.45 2.5 

VIL(RA) = OV 

Input to Drive Output 

1.4 V Overdrive (2.5 V to 0 V Step) 


*PLH(RA/DRV) 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-32 


MC3424,A, MC3524,A, MC3324,A 


FIGURE 1 — HYSTERESIS CURRENT versus 
HYSTERESIS ACTIVATION VOLTAGE 
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FIGURE 5 — REFERENCE VOLTAGE CHANGE 
versus TEMPERATURE 


AVref, REFERENCE OUTPUT VOLTAGE CHANGE (mV) 


50 
Ta, AMBIENT TEMPERATURE (°C) 
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log(ret) REFERENCE OUTPUT 
SHORT-CIRCUIT CURRENT (mA) 


FIGURE 2 — HYSTERESIS ACTIVATION VOLTAGE 
versus TEMPERATURE 
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FIGURE 4 — REFERENCE VOLTAGE CHANGE versus 
OUTPUT CURRENT 
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lref. REFERENCE OUTPUT CURRENT (mA) 


FIGURE 6 — REFERENCE SHORT-CIRCUIT CURRENT 
versus TEMPERATURE 


Tq, AMBIENT TEMPERATURE (°C) 
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tpty. OUTPUT DELAY TIME (mS) 


0. 


VoH(DRV). ORIVE OUTPUT SATURATION VOLTAGE (V) 


VoH(DRV). ORIVE OUTPUT SATURATION VOLTAGE (V) 


FIGURE 7 — OUTPUT DELAY TIME versus 
DELAY CAPACITANCE 


001 
0.0001 0.01 0.1 


0.001 
Cory. DELAY PIN CAPACITANCE (uF) 


FIGURE 9 — DRIVE OUTPUT SATURATION VOLTAGE 
versus OUTPUT PEAK CURRENT 


IDRV(peak). DRIVE OUTPUT PEAK CURRENT (mA) 


FIGURE 11 — DRIVE OUTPUT SATURATION VOLTAGE 
versus TEMPERATURE 


Veo = 15 V 


IDRV(peak) = 200 mA 
1.0% Duty Cycle @ 300 Hz 


+25 
Ta, AMBIENT TEMPERATURE (°C) 


0 +75 


FIGURE 8 — DELAY PIN SOURCE CURRENT 
versus TEMPERATURE 


IDLY(source). DELAY PIN SOURCE CURRENT (1A) 


+25 +50 +75 
Ta, AMBIENT TEMPERATURE (°C) 


+100 +125 


FIGURE 10 — INDICATOR OUTPUT SATURATION 
VOLTAGE versus OUTPUT SINK CURRENT 
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FIGURE 12 — POWER SUPPLY CURRENT 
versus VOLTAGE 
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FIGURE 13 — THE COMPLETE VOLTAGE SENSE CAPABILITY OF THE INPUT COMPARATORS, 
WITH OR WITHOUT PROGRAMMABLE HYSTERESIS. 


VOLTAGE SENSE (Vs) 


WITH HYSTERESIS |WITHOUTHYSTERESIS| WITHHYSTERESIS |WITHOUT HYSTERESIS 
Vs 


Vs Vs 


Vs > Vref 


Vs < 2¢"* 
Vs20V 


Vs <OV 


*26 = 1.1 Volts at Ty = 25°C 
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CIRCUIT DESCRIPTION 


The MC3424 series is a high current output, dual chan- 
nel power supply supervisory circuit. Basic circuit con- 
figuration is shown in Figure 29. Each channel features 
a true differential input comparator with a common- 
mode range from ground potential to Vcc — 1.4 volts, 
with single supply operation. The inverting inputs of 
each input comparator (C1—, C2—) have a feedback 
activated 12.5 wA current sink for programming input 
comparator hysteresis. Source resistance of the invert- 
ing inputs determines the amount of hysteresis for each 
input comparator. The hysteresis feature can be de- 
feated by reducing the inverting input voltage of the 
respective input comparator to less than two diode 
drops (2 ¢ = 1.1 volts) above Gnd (See Hysteresis 
Activation Voltage specification). A complete matrix 
of various input comparator conditions is shown in 
Figure 13. 

The digital Input Enable (IE) pin provides full enable/ 
disable control of one or both of the input comparators. 
Input Comparator 1 enable control is allowed if the En- 
able Select1/Non-Inverting Input (Pin 2) is less than 90% 
of the internal 2.5 volts reference (0.9 Vre¢ = 2.25 V). If 
the Input Enable Select1/Non-Inverting Input (Pin 2) is 
greater than 0.9 Vref, Comparator 1 is not affected by 
the logic state of the Input Enable pin and always re- 
mains enabled. 

The voltage threshold of the Input Enable pin is TTL 
compatible. A logic level ‘’1” permits normal operation 
of input comparators, as stated above. A logic “0” forces 
the respective Delay pin (DLY1, DLY2) to a low state, 
independent of the input comparator’s state. 

The selective enabling feature of Input Comparator 
1 is directly applicable when the MC3424 series is used 
as an over- and under-voltage supervisory circuit, 
where channel 2 (Input Comparator 2) is monitoring 
under-voltage conditions, and channel 1 is utilized for 
over-voltage protection. The ability to keep channel 1 
(Input Comparator 1) active, while disabling channel 2, 
provides immediate over-voltage protection during 
power supply turn-on, while the under-voltage channel 
(2) can be disabled during the power supply turn-on rise 
time to the regulated level, preventing false indication 
of an under-voltage condition. If it is desired to monitor 
two independent voltages for an under-voltage condi- 
tion, both channels can be selectively disabled until the 
slowest supply reaches its regulated voltage. 

Separate Delay pins (DLY1, DLY2) are provided for 
each channel to independently delay the Drive and In- 
dicator Outputs, thus providing greater input noise im- 
munity. The two Delay pins are essentially the outputs 
of the respective input comparators, and provide a con- 
stant current source of typically 200 nA when the non- 


inverting input voltage is greater than the inverting in-— 


put level (Vc44+ > Vc1—; Vc24+ > Vc2-). 


A capacitor (Cp,y) tied to these Delay pins will es- 
tablish a predictable delay time (tp, y) of the Drive and 
Indicator outputs for the respective channel. The Delay 
pins are internally tied to the non-inverting input of 
Output Comparators 1 and 2, which are referenced to 
2.5 volts. Therefore, delay time (tp_y) is based on the 
constant current IDL Y(source) charging the external de- 
lay capacitor (Cp, y) to 2.5 volts or; 


Vref CoLY _ 2-5 CpLy 
fo an a e000 CpLy: 
IDLY(source) 200 uA DLY 


Figure 7 provides Cp, y values for a wide range of time 
delays. Z 


The Delay pins are pulled low when the respective 
input comparator’s non-inverting input is less than the 
inverting input (Vc¢7+ < Vc1—; Vc2+ < Vc2-), or 
when the Input Enable pin is at a low logic level. The 
sink current (= 1.8 mA) capability of the Delay pins is 
much greater than the typical 200 wA source current, 
thus enabling a relatively fast delay capacitor discharge 
time. 

Each independent channel of the MC3424 series has 
a Drive (DRV) and Indicator output (IND) which respec- 
tively source and sink current simultaneously. The Drive 
outputs are current-limited emitter-followers capable of 
sourcing 300 mA at a turn-on slew rate of 2.0 A/us, ideal 
for driving “Crowbar” SCR’s. The Indicator outputs are 
open collector, NPN transistors, capable of sinking 30 
mA to provide sufficient drive for LED’s, small relays or 
regular shut-down circuitry. These current capabilities 
apply to both channels operating simultaneously, pro- 
viding device power dissipation limits are not exceeded. 

Separate TTL-compatible Remote Activation inputs 
(RA1, RA2) for each channel will activate the Drive and 
Indicator outputs of the respective channel, independ- 
ent of the input comparator state, when a low logic level 
is applied. The active low for remote activation permits 
latching of the respective outputs by connecting the 
Indicator output, via a = 5.0 k resistor to the Remote 
Activation input of the same channel, as shown in Figure 
17. Latching will now occur by either of the Remote 
Activation inputs with a short duration low logic level, 
or by the input comparators. Unlatching of each channel 
is accomplished with a short duration, high logic level 
at the Remote Activation pin. 

The MC3424 series has an internal 2.5 V bandgap 
reference capable of sourcing up to 10 mA of load cur- 
rent for external bias circuits. This reference has an ac- 
curacy of +4.0% for the basic devices and +1.0% for 
the A-suffix device types at 25°C. The reference has a 
typical temperature coefficient of 30 ppm/°C for A-suffix 
devices. 


tpLY= 
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CROWBAR SCR CONSIDERATIONS 


Referring to Figure 14, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Coyt. This capacitance 
consists of the power supply output capacitors, the load’s 
decoupling capacitors, and in the case of Figure 14A, the 
supply’s input filter capacitors. This surge current is illus- 
trated in Figure 15, and can cause SCR failure or degra- 
dation by any one of three mechanisms: di/dt, absolute 
peak surge, or !2t. The interrelationship of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 
difficult and expensive. Therefore, the designer must 
empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCR’s di/dt and surge capabilities simplifies this task. 


1. di/dt 


As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as avery small region and gradually spreading. 


Since the anode current flows through this turned-on 
gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the 
occasion. 

The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type, and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast <1.0 us rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRs of less than 50 A(RMS) rating might be 
200 A/us, assuming a gate current of five times IGT 
and< 1.0 usrise time. If having done this, a di/dt prob- 
lem ts seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc- 
tance in series with the SCR, as shown in Figure 16. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


FIGURE 14 — TYPICAL CROWBAR CIRCUIT 
CONFIGURATIONS 


14A — SCR ACROSS INPUT OF REGULATOR 


14B — SCR ACROSS OUTPUT OF REGULATOR 
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-O Vout 


MC3524,A 


*Needed if supply not current limited 
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FIGURE 15 — CROWBAR SCR SURGE CURRENT 
WAVEFORM 


lok 


Surge Due to 
Output Capacitor 


Current Limited 
Supply Output 


2. Surge Current 


If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device 
overheating will result. The surge capability of the SCR 
is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
— see Figure 16) to a safe level which is consistent 
with the system’s requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 

~ This may result in the average current capability of the 
SCR exceeding the steady state current requirements 
imposed by the dc power supply. 


FIGURE 16 — CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 
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MC3524, A 


R & L EMPIRICALLY DETERMINED 


A WORD ABOUT FUSING 


~ Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring back to 
Figure 14A, it will be seen that a fuse is necessary if the 
power Supply to be protected is not output current limited. 
This fuse is not meant to prevent SCR failure but rather 
to prevent a fire! 

In order to protect the SCR, the fuse would have to 
possess an I2t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 

The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
14B. 


CROWBAR SCR SELECTION GUIDE 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


| pevice_[ipms| 'esm| PACKAGE _| 


MCR67 Series Metal Stud 
MCR68 Series TO-220 Plastic 
2N1842 Series Metal Stud 


2N6400 Series 
2N6504 Series 
2N681 Series 

2N2573 Series 
MCR69 Series 
MCR70 Series 
MCR71 Series 


TO-220 Plastic 
TO-220 Plastic 
Metal Stud 
TO-3 Metal Can 
TO-220 Plastic 

Metal Stud 
Metal Stud 


For acomplete and detailed treatment of SCR and fuse selection 
refer to Motorola Application Note AN-789. 
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APPLICATIONS INFORMATION 


FIGURE 17 — OVERVOLTAGE PROTECTION OF SPLIT SUPPLIES WITH DELAY AND 
LATCHED-FAULT INDICATION. 
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FIGURE 18 — OVERVOLTAGE PROTECTION OF 5.0 V SUPPLY 


WITH LINE LOSS DETECTOR 
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FIGURE 19 — LATCHING OVERVOLTAGE SENSING CIRCUIT 
WITH INTERMITTENT AUDIO ALARM 


IND1 
MC3524,A 


III Mallory 
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FIGURE 20 — ADJUSTABLE D.C. PICK-UP/ DROP-OUT RELAY CIRCUIT 


Vin O) 


10k 


MC3524, A 
500 


Pick-up Voltage Range: 19 Vto 29 V 
Hysteresis: 2.0 Vto 7.0V 

Drop-Out Voltage = Pick-up Voltage - 
Sk 0.01 uF Hysteresis Voltage 


Hysteresis 


1.0k Voltage Adjust 
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FIGURE 21 — 9.0 V BATTERY CHARGER with ZERO SENSE LOAD CURRENT 


—=—— Charge Current 


MC3524, A 


The 8.8 volt charge reference is derived from V;ef using compar- 
ator 2 as anopamp. Thel4Ry product determines the final charge 
voltage. Resistor R1 limits the charge current. 


Vcc -Vbat 3.0 V 
cc ala aaa 


FIGURE 22 — PROPORTIONAL CONTROL CIRCUIT 
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FIGURE 23 — ALTERNATING TWO TONE GENERATOR 
(EUROPEAN SIREN) 
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FIGURE 24 — TONE BURST GENERATOR 
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FIGURE 25 — PHOTOFLASH CONVERTER 
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FIGURE 26 — PROGRAMMABLE FREQUENCY SWITCH 
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FIGURE 27 — EMERGENCY LIGHTING SYSTEM 


1.0 TIP32 
pa 


All diodes are 1N4001. 


1. Battery charge current ~ 0.6 A. Charger will cycle OFF at 6.6 V, ON at 6.4 V. 


2. Lamp is ON with loss of ac and battery voltage > 5.7 V. As battery discharges to < 5.3 V, lamp will turn OFF. 


FIGURE 28 — REFERENCE TEMPERATURE COEFFICIENT MODIFICATIONS 


=18V 
1100 2.0 mV/°C 
PPM/°C i 


aoe iw laa =14V 


3600 =11V —Oo TC. 
PPM/°C -2.0 mv/°C 
=0.7V 


28 A. Fixed positive T.C. 
28 B. Variable positive or negative T.C. 
28 C. Variable positive or negative T.C. with almost constant voltage. 


4.0 mvV/°C -4.0 mv/°C 


Bae Biba 
PPM/°C 


Ali diodes are 1N4001. 
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FIGURE 29 — MC3&24/3424/3324 BLOCK DIAGRAM 
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Note: All voltages and currents are nominal. 
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QUAD HIGH-SPEED 


QUAD DIFFERENTIAL VOLTAGE | VOLTAGE COMPARATORS 
COMPARATOR/SENSE AMPLIFIERS SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

The MC3430 thru MC3433 high-speed comparators are ideal for 
application as sense amplifiers in MOS memory systems. They are 
specified in a unique way which combines the effects of input offset See 
voltage, input offset current, voltage gain, temperature variations 
and input common-mode range into a single functional parameter. 

This parameter, called Input Sensitivity, specifies a minimum differ- 
ential input voltage which will guarantee a given logic state. Four 
variations are offered in the comparator series. 

The MC3430 and MC3431 versions feature a three-state strobe P SUFFIX 
input common to all four channels which can be used to place the L SUFFIX PLASTIC PACKAGE 
four outputs in a high-impedance state. These two devices use CERAMIC PACKAGE CASE 648-05 
active-pull-up MTT L compatible outputs. The MC3432 and MC3433 CASE 620-02 
are open-collector types which permit the implied AND connection. 
The MC3430 and MC3432 versionsare specified for a+/7.0 mV input 
sensitivity over the 0 to 70°C temperature range, while the MC3431 
and MC3433 are specified for +12 mV. 


(Top View) 


CONNECTION DIAGRAM 


INPUTS 


@ Propagation Delay Time — 40 ns 3 


® Outputs Specified for a Fanout of 10 (MC7400 type loads) 


@ Specified for all conditions of +5% Power Supply Variations, 
Operating Temperature Range, Input Common-Mode Voltage 
Swing from -3.0 V to 3.0 V, and Rs < 200 ohms. ae a 


OUTPUT AY 


STROBE 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


TRUTH TABLE 
MC3430 and MC3432 


[input [strobe] Output] Device | 
1K WORD 1K WORD _-1-K WORD 
MOS MEMORY MOS MEMORY MOS MEMORY Vip 27.0 mv rn a MC3430 
ep OF: - | 
1-K WORD 1K WORD 1-K WORD Ta = Oto 70°C yon] MC3432 
MOS MEMORY MOS MEMORY] ] [MOS MEMORY a a 
-7.0MV RVip MC3430 
1-K WORD 1K WORD 1-K WORD MC3430 thru 
MOS MEMORY MOS MEMORY] T |MOS MEMORY MC3433 : as MC3432 
1K WORD 1K WORD 1-K WORD ‘ | 
MOS MEMORY MOS MEMORY] ] |MOS MEMORY ODATA BIT #4 
200 


MC3430 
DATA BIT OUTPUT #3 


cryryr 


E 


cr 


- 


MC3432 


TRUTH TABLE 
MC3431 and MC3433 


ODATA BIT #3 
ial ie a ec) 
MC3431 

| 2 


DATA BIT OUTPUT #2 
ODATA BIT #2 


DATA BIT OUTPUT #1 


18k O DATA BIT #1 


STROBE 


Ta = Oto 70°C — MC3433 


r 
| 
| 
| 
| 
Bowes 


Only four devices are required for a 


: L = Low Logic State 2 = Third (High Impedance) 
4-k word by 16-bit memory system. 


H = High Logic State | = Indeterminate State 
RS < 200 2 
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MAXIMUM RATINGS (Ta, = 0 to +70°C unless otherwise noted.) 


Tee 
[eel 


Output Voltage (MC3432 — 33 versions) ee i ae 


Junction Temperature 
175 Oc 
150 


Vo 
TJ 
Ceramic Package 
Plastic Package 
2c 
510 +150] °C 


Operating Temperature Range 


Storage Temperature Range 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C unless otherwise noted.) 
Characteristic 


Power Supply Voltages 


=| 


yp 


Input Sensitivity (See Discussion on Page 3) 
(Rg <200 Ohms) 
(Common Mode Voltage Range = -3.0 V <Vjn <3.0 V) 
4.75 SVcc S5.25 V Tica BEOG coke MC3432 
475 >VeE>-5.25V A- MC3431, MC3433 
(Common Mode Voltage Range = -3.0 V <Vjn <3.0 V) 
< < 
4.75 SVcc &5.25 V Tx = Oto 70°C ‘ MC3430, MC3432 
-4.75 >Veg>-5.25V_ MC3431, MC3433 


NO 


Input Bias Current 
(Vcc = 5.25 V, Veg = -5.25 V) MC3430, MC3432 
MC3431, MC3433 


Strobe Current (Low State) 

(Voc = 5.25 V, Veg = -5.25 V, Vin = 0.4 V) 
Strobe Current (High State) 

(Voc = 5.25 V, Veg = -5.25 V, Vin = 2.4 V) 

(Voc = 5.25 V, VEE = -5.25 V, Vin = 5.25 V) 
Output Voltage (High State) 

(Iq = -400 uA, Vcc = 4.75 V, Veg = -4.75 V) 
Output Voltage (Low State) 

(19 = 16 MA, Vcc = 4.75 V, Veg = 4.75 V) 
Output Leakage Current 

(Vcc = 4.75 V, Veg = ~4.75 V, Vo = 5.25 V) 
Output Current Short Circuit 

- (Veco = 5.25 V, Veg = -5.25 V) 

Output Disable Leakage Current 

(Vcc = 5.25 V, Veg = -5.25 V) 
High Logic Level Supply Currents 

(Voc = 5.25 V, Veg = -5.25 V) 


> 
oO 
N 
oO 


BSS 
jo) 
N 
jo) 


! 

a 

m 
ee 
=) 


' 
= 
~ 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-47 


MC3430 thru MC3433 


A UNIQUE FUNCTIONAL PARAMETER FOR COMPARATORS | 


A unique approach is used in specifying the MC3430-33 quad 
comparators. Previously, comparators have been specified as linear 
devices with common operational amplifier type parameters such 
as voltage gain (Ayo}), input offset voltage (Vio), input offset 
current (ljQ) and common-mode rejection ratio (CMRR). This is 
true despite the fact that most comparators are seldom operated in 
their linear region because it is difficult to hoid a high gain com- 
parator in this narrow region. Comparators are normally used to 
“‘detect’’ when an unknown voltage level exceeds a given reference 
voltage. 

The most desirable comparator parameter is what minimum dif- 
ferential input voltage is required at the comparator’s input ter- 
minals to guarantee a given output logic state. This new and im- 
portant parameter has been called input sensitivity (Vis) and is 
analagous to the input threshold voltage specification on a core 


memory sense amplifier. The input sensitivity specification in- . 


cludes the effects of voltage gain, input offset voltage and input 
offset current and eliminates the need for specifying these three 
parameters. 

In order to make this parameter as inclusive as possible on the 
MC3430-33 series quad comparators, the input sensitivity is speci- 
fied within the following conditions: 


Commercial Temperature Range — 0 to 70°C 
Power Supply Variations — +5% (all conditions) 
Input Source Resistance — <200 Ohms 
Common-Mode Voltage Range — -3.0 V to +3.0 V 


Note: Typical values have been included on the omitted parameters 
for applications where the offset voltages are externally nulled. 

Voltage gain is defined as the ratio of the resulting AVo to a 
change in the Vippr using conditions at which the Vjo and l19 
are nulled. Thus, for worst case MTTL logic levels, the required 
output voltage change is 2.0 V (VQyYmin — Vo_max = 2.4 V — 


0.4 V). If 2.0 mV are required at the input terminals to induce 
this change in logic state, the voltage gain would be 1000 V/V. 

Gain however is not the only factor affecting the logic tran- 
sition. Normally input offset voltages, that are not externally 
nulled, can add an appreciable error that drastically overshadows 
the comparator gain. Therefore, the 2.0 mV for example, required 
to cause the logic transition is often masked. An input offset 
voltage of up to 7.5 mV might be required to reach the linear 
region. A further consideration is the input offset current of up to 
+10 vA flowing through the matched 200-Ohm source resistors at 
the input terminals which can create an additional error of +2.0 
mV. In order to determine a worst case input sensitivity, it must 
be assumed that minimum specified gain and maximum specified 
offset voltage and current conditions exist. Also it must be as- 
sumed that these three factors are cumulative, fequiring a worst 
case input of: 


Logic Transition = 2.0 mV 
Vio = 7.5 mV 
lig of +10 WA thru 200-Ohm resistor = 2.0 mV 


Therefore, 2+7.5+2=11.5mV. 


The effects of power supply voltage variations, temperature 
changes and common-mode input voltage conditions have not 
been considered, as they are not present in the gain and offset 
specifications on most comparators. 

Thus, the input sensitivity specification greatly reduces the 
effort required in determining the worst case differential voltage 
required by a given comparator type. 

Table | compares the worst case input sensitivity of three 
popular comparator types at both room temperature and over the 
specified commercial temperature range (0 to 70°C). This sensi- 
tivity was computed from the specified voltage gain, offset voltage 
and offset current limits. 


TABLE | — WORST CASE COMPARISONS 


for 3.0 V Output 
Change 


200 2 Source 
Resistors 


2.0 mV 
0.015 mV 


3.0 mV 
0.0012 mV 


*Typical values given, as minimum gain not always specified. 
**ligq measured in nA 


FIGURE 2 —- GUARANTEED OUTPUT STATE versus 
DIFFERENTIAL INPUT VOLTAGE 


Uncertainty Guaranteed 
VOH 
All device 


-3.0V<VicrR <3.0V 
4.75V<Vcec<5.25V 


Vg, OUTPUT VOLTAGE (VOLTS) 


Pf 0° <Ta< 70°C 
Rs < 2002 


15 20 25 30 35 
DIFFERENTIAL INPUT i: LTAGE (mV) 


35 -30 -25 -20 -15 -10 -5 10 


Total 


Sensitivity 


mV 


Vin(B), INPUT VOLTAGE (VOLTS) 


Ta = 0 to 70°C 

Differential Input 

Voltage Required 

for 3.0 V Output 
Change 


io Error Voitage 
Rg = 200 22} Generated Into 
200 22 Source 

Resistors: 


Total 
Sensitivity 
mV 


3.0 mV 
0.030 mV 


5.0 mV 
0.014 mV 


FIGURE 3 — GUARANTEED OUTPUT STATE versus 
INPUT VOLTAGE 


Undetermined 
Region 
(Expanded 


Rs < 2002 
-3.0V<VicR <3.0V 
0°C <Ta < 70°C 
475V<Vcc<5.25V 
-4.75V > VEE 2 -5.25 V 


2.0 
Vin(A), INPUT VOLTAGE (VOLTS) 


3.0 
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MC3430 thru MC3433 


SWITCHING CHARACTERISTICS (Vcc = +5.0 Vde, Veg = -5.0 Vdc, Ta = +25°C unless otherwise noted.) 


"Fie Oirtwartationnsomvewg [OL SN | | ® |S 
Time (Differential Inputs) 5.0 mV + Vis 
‘Tne Orwenalimasom eve | Le | | |e 
Time (Differential Inputs) 5.0 mV + Vis 
Poy tie a | MS | A 
Delay Time (Strobe) 
Delay Time (Strobe) 
Delay Time (Strobe) 
Delay Time (Strobe) 


High Logic to Low Logic Level Propagation tPHL(S) 
Delay Time (Strobe) 

Low Logic to High Logic Level Propagation 

Delay Time (Strobe) 


3) 


tPLH(S) 


ae 
Res 
40 ns 
35 ns 


FIGURE 4 — STROBE PROPAGATION DELAY TIMES tp; 2(s). tpzL(S)- tpHz(s). 29d tpZH(S) 


TEST CIRCUITS 


+5.0 V 


Closed 

fig tPHz(s) 

CL includes jig and probe capacitance. 
O 


1 


Ej, waveform characteristics: 

tTLH and tryL < 10 ns measured 10% to 90%. 
PRR = 1.0 MHz 

Duty Cycle = 50% 


Output of Channel B shown under test, 
other channels are tested similarly. 


3.0 V------ 
Ein 
tpHZ(S) ee tPHZ(S) 
Eo YOu 0.5 V 
S2O 
Z1.5V 
tPZH(S) 
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MC3430 thru MC3433 


FIGURE 5 — STROBE PROPAGATION DELAY tp, 4(s) AND tpyHL(s) 


“45.0 V 


+100 mV 


MC3432 
MC3433 


15 pF 


eroral! 


Output of Channel B shown under test, other channels are tested similarly. 


Ei, waveform characteristics: 


tTLH and try. < 10 ns measured 10% to 90%. 


PRR = 1.0 MHz 
Duty Cycle = 50% 


FIGURE 6 — DIFFERENTIAL INPUT PROPAGATION DELAY tp_H(p) AND tpHL(p) 


+*5.0V 


16 
VREF ———— 


MC3430 
thru 
MC3433 


Output of Channel B shown under test, other channels are tested similarly. 


S1 at “A” for MC3430, MC3431 Device: “REE Uy. 


S1 at ‘’B” for MC3432, MC3433 MC3430 | 11 
C. = 50 pF total for MC3430, MC3431 MC3431 | 15 
C. = 15 pF total for MC3432, MC3433 MC3432 | 11 

Mc3433 | 15 


FIGURE 7 — CIRCUIT SCHEMATIC 


(1/4 Circuit Shown) 


Vec O 


INPUT 


TO OTHER 
COMPARATORS 


VEE O 


Dashed components apply to the MC3430 and MC3431 circuits only. 


Vrer + Vis 


tPHL(D) 


Ejn waveform characteristics: 

trLH and trHL S 10 ns measured 10% to 90%. 
PRR = 1.0 MHz 

Duty Cycle = 50% 


O OUTPUT 


OGND 


OSTROBE 
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MC3430 thru MC3433 


TYPICAL PERFORMANCE CURVES 


RESPONSE TIME versus OVERDRIVE — MC3430, MC3431 


FIGURE 8 — OUTPUT LOW TO HIGH 


20 
TIME (ns) 


FIGURE 9 — OUTPUT HIGH TO LOW 


Nv 


Sa bei it au i 
Seeecoas co 


BASS SS Ge eee 


tTHL ~ 0.5 ns 


-10 0 10 20 30 40 50 


TIME (ns) 


RESPONSE TIME versus OVERDRIVE — MC3432, MC3433 


FIGURE 10 — OUTPUT LOW TO HIGH 


(em ea ee 

| LAL VF 
NL ALAA 1 
LAS f- 


Vec=5.0V — 100 mv 
Veg = -5.0V N 
Ta = 25°C 


OUTPUT VOLTAGE 


-10 0 10 20 


TIME (ns) 


FIGURE 12 — AVERAGE INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


INPUT OFFSET VOLTAGE (mV) 
PERROTTA ERE 
\ 
LTT EE 
\ 
N\ 


AMBIENT TEMPERATURE (°C) 


FIGURE 11 — OUTPUT HIGH TO LOW 


OUTPUT VOLTAGE 


a 


(THL~ 


20 
TIME (ns) 


FIGURE 13 — RESPONSE TIME versus TEMPERATURE 


TIME (ns) 


AMBIENT TEMPERATURE (°C) 
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MC3430 thru MC3433 


APPLICATIONS INFORMATION 


FIGURE 14 — 4-BIT PARALLEL A/D CONVERTER 
22 


ae 05.0 V 
1N914 2N3904 or equiv. 30 . (A + B) (G+ OD) (E+ F) (H+ 4) (K+ L) (M+ N) (P + R) (S) 
or Vref 7 3.0V eee = es a 
equiv 2° =(8 + D)(F + J) (L +N) (R) 
TOT uF a ee _ 5.0 V9 
51 = 2? = (6 + 4) (N) | 
lo = 6O mA = 
- if 2 
Vino Each Comparator 


1/4 of MC3432 


2D 


Dies 


TA AP AT AD AF 
Ee leeehel 
iil 
Bl 
YY 
aes 
oe eee 
ee 
eee 
ee nee es ee 
Ue 


2D 


D 


2D 


He 
il 
[ 


7 iy 
7 17 
Y. 
f 


D 


D 


D 


D 


D 


D 


MC3004 


wrt 
ar 
Stecsinl 


R=3.02 45% 


oO 


GQ 
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MC3430 thru MC3433 


FIGURE 15 — LEVEL DETECTOR WITH HYSTERESIS 


FIGURE 17 — DOUBLE ENDED LIMIT DETECTOR 


Enable 


Vref (high) © 


1/4 MC3432 
MC3433 


Vref (low) O 


FIGURE 16 — TRANSFER CHARACTERISTICS AND 
EQUATIONS FOR FIGURE 15 


Vin (VOLTS) 


R2 [Vo(max) — VREF! 
Vhigh = Vret * R1+ R2 


Ry R2 [Vo(min) — Vrer! 
MIO W CBRE ae ee 


Hysteresis Loop (V4) 
R2 
Vh = Vhigh ~ Viow = R1+R2 [VOo(max) — YO(min)} 


FIGURE 18 — VOLTAGE TRANSFER FUNCTION 


Vref (low) Vref (high) 
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MOTOROLA LINEAR/INTERFACE DEVICES 
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Telecommunications 


Device 


MC3416 
MC3417 
MC3418 
MC3419,A,C 
MC3419-1L, A-1L, C-1L 
MC3517 
MC3518 
MC34010 P 
MC34011 P 
MC34012 Series 
MC34013 
MC34015 
MC34017 


TELECOMMUNICATIONS 


Function . | _ Page - 


Crossoolnt-Swite silane ter resin aaltamdatan pepuaennenachesaaeesetas: 9-3 

Continuously-Variable-Slope Delta Modulator/Demodulator ........... ese eeeeeeeeeees 9-12 
Continuously-Variable-Slope Delta Modulator/Demodulator ......ceeeeeeeeeeeeees 9-12 
Subscriber Loop Interface Circuit .............cccsscccsssecssssecsseessseecsseeesseressseeeeseesags 9-30 
Subscriber Loop Interface Circuit ............ccccccesssreeesssnteceessneeessenseeessesineeeesessaaenees 9-45 
Continuously-Variable-Slope Delta Modulator/Demodulator .............. ce eeeeeeeeeeeeees 9-12 
Continuously-Variable-Slope Delta Modulator/Demodulator .......... eee eee 9-12 
Electronic: lelepnOne Ci Cun feces he cauiecsdecactevetncda hoes vee dan dt axa duanaanesanentnutavicceetentnenems 9-61 
Electronic: TeleOnOne- CCU ac eiccsscisiensantortaniiaa exten lessuutasiunsvpinvasanvvarytaanadduaviaasaeasts 9-61 
Telephone: TONE IAINGER 2S Geteeterire tren nee eet ivewen ciated avs aeatalerhetts Aieecemaeest 9-85 
Speech Network and Tone Dialer .........cccccccccscssseceeeecesseeceeeesessneeeseeeeeeseaaeeeeseeeeees 9-93 
Telephone: Tone Dialer cise scrsterccucevs actiarareendaeencoennaieeninadient les 9-94 
TRIEDRONE: TONG FINGSE sve senscetcneds Sees es base eetncdynuucdet ava sinecctnianes sastenereaeturen sana 9-95 
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MOTOROLA MC3416 


Specifications and Applications 
Information 


4x 4x 2 CROSSPOINT 
SWITCH 


4x 4x 2 CROSSPOINT SWITCH DIELECTRICALLY ISOLATED 


MONOLITHIC 


The MC3416 consists of a pair of 4 x 4 matrices of dielectrically INTEGRATED CIRCUIT 


isolated SCR’s, triggeredby a common selection matrix. The device is 
intended for switching analog signals in communication systems. The 
use of dielectric isolation processing provides excellent crosstalk 
isolation while maintaining minimal insertion loss. 

The selection array consists of PNP transistors with the input 
thresholds compatible with either CMOS or TTL logic families. 

The MC3416 is a monolithic pin-for-pin replacement for the 
discontinued MCBH7601 hybrid device. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623-05 


Low Series Resistance — ron = 6.0 Ohms (Typ) @ lak = 20 mA 
High Series Resistance — roff = 100 MQ (Min) . 

Pin Compatible with MCBH7601 or RC4444 

High Breakdown Voltage — 30 V (Typ) 

Selection Matrix Compatible with TTL or CMOS Logic Levels 
Dielectric Isolation Insures Low Crosstalk and Low Insertion Loss 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649-03 


FIGURE 1 — REPRESENTATIVE CELL SCHEMATIC 
(Repeated 16 Times) 


Anode A1 Anode A2 


(B1,C1,01 (B2,C2,D2 
Hew selsct are Equivalent) are Equivalent) 


PIN CONNECTIONS 


Ww 
(X,Y,Z are Equivalent) 


Q1 
Cathode 
SCR2 
W141 SCR1 
(X1,¥1,Z1 are Equivalent) Cathode W2 
D1 D2 (xX2,Y2,Z2 are Equivalent) 
Column Select A 


(8,C,D are Equivalent) 


Cathode 
Y2 
Row Select 


Cathode 
22 


FIGURE 2 — MATRIX CONFIGURATION AND NOMENCLATURE 
(X Indicates a Possible Connection) 
B Columns c 


Column 
Select A 
Column 
Select B 
Column 
Select C 
Column 
Select D 
Cathode 
21 
Row Select 
Y 
Cathode 
Y1 
Anode 
D2 


Associated Pairs 
Triggered 
Simultaneously 
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MC3416 


MAXIMUM RATINGS (Uuniess Sihaiwliea noted, Ta = 25°C) 


ome Value 


“i fs 
ma 
Se] 


Rating 


a 
> 


node: Cathode Current — Continuous 
(only one SCR at a time) 

Enable Current 

Operating Ambient Temperature Range 0 to +70 

-65 to +150 


150°C 


OQ 


O 


Storage Temperature Range 


{e) 
QO 


Junction Temperature Range 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Ta = 0 to 70°C) 


| Anode Cathode Breakdown Voltage V(BR)AK Vde 
(lAK = 25uA) 
Cathode-Anode Breakdown Voltbae Vdc 
(Ik A = 25uA) 
| Base-Cathode Breakdown Voltage 25 Vdc 
(IBK = 25uA) 
Cathode-Base Breakdown Voltage V(BR)BE Vde 
(kp = 25uA) 
Base-Emitter Breakdown Voltage V(BR)KB Vdc 
(IgE = 25uA) 
Emitter-Cathode Breakdown Voltage V(BR)EK 
(leK = 25uA) 


a) 


OFF State Resistance Toff 
(Vak = 10V) . 


Dynamic ON Resistance 
(Center Current = 10 mA) (See Figure 8) 
(Center Current = 20 mA) 


Holding Current +25°C to +70°C 
(See Figure 10) 0°C to + 24°C 


Enable Current 
(Vg = 1.5 V) (See Figure 7) 


> 


+ 
co) 


Anode-Cathode ON Voltage 
(tak = 10 mA) 
(lak = 20 mA) 


Gate Sharing Current Ratio @ Cathodes 
(Under Select Conditions with Anodes Open) (See Figure 3) 


Inhibit Voltage Vinh 
(VB = 3.0 V) (See Figure 9) 

Inhibit Current linh 
(Vg = 3.0 V) (See Figure 9) 

OFF State Capacitance Cott 
(Vak =0 V) ( See Figure 6) 

Turn-ON Time 
(See Figure 4) 

Minimum Voltage Ramp (Which Could Fire the SCR Under dv/dt 
Transient Conditions) 


— -s 
ON 


3 3 Ss = 
EERCLEE 


1.25 mA/mA 


ad 
w 


3 
> 


O;nN +s 
NOOO 


= 
7) 


n 


V/ps 


FIGURE 3 — TEST CIRCUIT 
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MC3416 


FIGURE 4 — TEST CIRCUIT FOR dv/dt AND to, 


Clock Q 


O+10V 


10 
mA 


Vb 


Scope 0 Ve Scope 


eae) O Vc Scope 
a — 1 Two Wire 

ie ae Crosspoint 
~J Element 


11 
100 k Under Test 


O V ; Scope 


O+10 V 


O VK Scope 


FIGURE 7 — ENABLE CURRENT 


| | | | | | | | | | | | (Both SCR’s Must Turn On) 


10 V le 10 V 


| 
Inputs 
V 


| | 

| | FIGURE 8 — THE CROSSPOINT SCR 

| I-V CHARACTERISTIC (ig = 0) 
VK | : | | | 


| 
| 
| 
VL and Vy +10V | 
| 


+5V 
+0.8 V 
| ; y Breakdown 
_ XxX Voltage 
<+8.5 V | | SS On Se 
Voand Ve | | 
Output 25) dv/dt Test SCR Must 
ton < 1 us —+| Time < 25 us | Remain OFF =e 


(at 50% Amplitude Points) 


for dv/dt < 800 V/us FIGURE 9 — INHIBIT VOLTAGE AND INHIBIT 
CURRENT (Both SCR’s Must Remain OFF) 


FIGURE 6 — TEST CIRCUIT FOR OFF-STATE CAPACITANCE Vinh 
10V 3.3V Ninh 10 V 


All Device Pins Other Than Pins 
Under Test Are Connected to Test 
Equipment Ground Terminal 


= *Three-Terminal, Guarded, Differential Capacitance Meter 
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MC3416 


TYPICAL CHARACTERISTICS 


FIGURE 10 — HOLDING CURRENT versus FIGURE 11 — ANODE-CATHODE ON VOLTAGE versus 
AMBIENT TEMPERATURE CURRENT AND TEMPERATURE 
(ee fae e ee ie 
ik el is a ee ess 
E Ee ecls al =a oe ae (EEE 
os - = ae 
: : ee ee 
err PCS 
| —_ o” 
o 2 
<t 
2.1 1 1_ 20, ie ae 
oe a el Clee dea 
ie [eas Mea ee 


-10 0 10 #20 #30 40 #+5SO 60 #70 #42980 90 0 20 40 60 80 0 12 4 «16 #18 20 
Ta, AMBIENT TEMPERATURE (°C) LAK, ANODE-CATHODE CURRENT (mA) 


FIGURE 12 — DIFFERENCE IN ANODE-CATHODE ON 


VOLTAGE (Between Associate Pairs of SCR’s) FIGURE 13 — OFF-STATE CAPACITANCE versus ANODE- 
versus ANODE-CATHODE CURRENT CATHODE VOLTAGE 
+100 1.0 
a ee ee ae epee ee 91 a 
i eel St I Pe 
Aap a a ESE Ht 
> = = 
a ea a a ae 5 op LLU EAT ET 
ete ee ee ie hed an a, 
=e a a Ua ee ee a a 
TEREEEEEEES EEE Hit 
oe a EE a El es 
i ae a eS Cae pe el OO 
yes a se Ce (a oL_| TUE TE ETT LE EE 
0. 2.0 4.0 6.0 8.0 10 12 14 16 18 20 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 =100 
tak, ANODE-CATHODE CURRENT (mA) Vak, ANODE-CATHODE VOLTAGE (VOLTS) 
FIGURE 14 — DYNAMIC ON RESISTANCE versus ANODE- FIGURE 15 — DYNAMIC ON RESISTANCE versus 
CATHODE CURRENT AMBIENT TEMPERATURE 
pp =a 
2” Soe, ae pales 
aie ie Se a SN = filet 
i ae <A Le = ce a 
Z a0 as ee 
= a EL Se! a a ae 
ae ae 
o pa 
Pa i |e Lead 
ae a ae ea a = ioe ea 
er ia ean (ae (a Sa eee s* ei 
‘<== =e 
° 0 2.0 4.0 60 8. 10 12 14 16 18 20 ca 0 10 20 30 40 50 60 j 90 


IAK, ANODE-CATHODE CURRENT (mA) oo Ta, AMBIENT TEMPERATURE (°C) 
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MC3416 


FIGURE 16 — FEEDTHROUGH versus SIGNAL FREQUENCY FIGURE 17 — CROSSTALK versus SIGNAL FREQUENCY 


penne 


-60 -60 


-10 -- eee -70 


3 a 
Nee, = 
© -90 ~ -90 
: 5 SH 
Q bE 
cc wn 
= -100 & -100 
: ° Hae isu owe | ||| 
uu ee Figure 
a ve LTTE > aeiill ml 
. woL_LttL Ne 
-130 -130 TH 
0.1 50 100 0.1 05 1.0 50 10 100 
cia ucie: ae SIGNAL FREQUENCY (kHz) 


FIGURE 18 — TEST CIRCUIT FOR FEEDTHROUGH versus FREQUENCY 


Wave 
Analizer 


Ta = 25°C, v; = 12 dBm, Crosspoints Off 
Feedthrough = 20 Logyg (Vo/v}) 


FIGURE 19 — TEST CIRCUIT FOR CROSSTALK versus FREQUENCY 


Wave 
Analizer 


Ta = 25°C, vj = 12 dBm, Crosspoints On 
Crosstalk = 20 Logyg (V99/Vo94) 
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MC3416 


FIGURE 20 — REPRESENTATIVE SCHEMATIC DIAGRAM 


Anode Anode Anode Anode Anode Anode Anode Anode 
At A2 B1 C1 D2 


B2 C2 D1 
19] [18 | 16 | 
Cathode 
w2 


i 
N 
o 


Row Select W 


a 


Lae as tS 


one 


Lf 


a 


F 


&: 
Ue ae 


15 | Cathode 
W1 


ce 


x1 


Cathode 
Y2 


Y1 


Anca 


ta] | 


is 
tthe tet 
al 


ee eT 
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Cathode 


= 4 | 
es 6 | | 
Column Column Column Column 
Select Select Select Select 
A B Cc D 
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MC3416 


TELEPHONE APPLICATION OF THE CROSSPOINT SWITCH 


The MC3416 crosspoint switch is designed to provide 
a low-loss analog switching element for telephony signals. 
It can be addressed and controlled from standard binary 
decoders and is CMOS compatible. With proper system 
organization the MC3416 can significantly reduce the size 
and cost of existing crosspoint matrices. 


SIGNAL PATH CONSIDERATIONS 

The MC3416 is a balanced 4 x 4 2-wire crosspoint array. 
It is ideal for balanced transmission systems, but may be 
applied effectively in a number of single ended applications. 
Multiple chips may be interconnected to form larger cross- 
point arrays. The major design constraint in using SCR 
crosspoints is that a forward dc current must be main- 


tained through the SCR to retain an ac signal path. This 
requires that each subscriber-input to the array be capable 
of sourcing dc current as well as its ac signal. With each 
subscriber acting as a dc source, each trunk output then 
acts as a current sink. The instrument-to-trunk connection 
in Figure 21 shows this configuration. However, with each 
subscriber acting as a dc source, some method of inter- 
connecting them without a trunk must be provided. Such 
a local or intercom termination is shown in Figure 22. 
‘Here both subscribers source dc current and exchange ac 
signals. The central current sink accepts current from both 
subscribers while the high output impedance of the current 
sink does not disturb the system. 

These configurations are system compatible. The dc 


FIGURE 21 ~ INSTRUMENT-TO-TRUNK CONNECTION 
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FIGURE 22 — TYPICAL INSTRUMENT TO INSTRUMENT CONNECTION 
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current restriction is not a restriction in the design of - 


an efficient crosspoint array. Because of the current sink 
terminations, a signal path may use-differing numbers of 
crosspoints in any connection or in two sides of the same 
connection further relaxing restrictions in array design. 
Figure 23 demonstrates circuit operation. S1, S2, and 
S3 are open. The Crosspoint SCR’s are off as they have no 
gate drive or dc current path through S1. By closing S2 and 
S3, gate drive is provided, but the SCR’s still remain off as 
there is no dc current path to hold them on. Close S1 and 
the circuit is enabled, but with S2 and S3 off there is still 
no signal path. Closing S2 and S3 with $1 closed — current 
is injected into both gates and they switch on. DC current 
through R_ splits around the center-tapped winding and 
flows through each SCR, back through the lower winding 
and through S1 to ground. If S2 and S3 are opened, that 
current path still remains and the SCRs remain on. If an ac 
signal is injected at either G1 or G2, it will be transmitted 
to the other signal port with negligible loss in the SCR’s. To 
disconnect the ac signal path the SCR’s must be com- 
mutated off. By opening S1 the dc current path is inter- 


rupted and the SCR’s switch off. The ac signal path is dis- 
connected. With S1 closed the circuit is enabled and may 
be addressed again from S2 and S3. This circuit demon- 
strates a balanced transmission configuration. The trans- 
mission characteristics of the SCR’s simulate a relay con- 
tact in that the ac signal does not incur a contact voltage 
drop across the crosspoint. The memory characteristics of 
the crosspoint are demonstrated by the selective application 
of $1, $2, and S3. 

The selection of RL is governed by the power supply 
voltage and the desired de current. If 10 mA is to flow 
through each SCR then Ri must pass 20 mA. Thus, 
(Vcc - VAK)/RL = 20 mA. The selection of Rp is governed 
by the characteristics for crosspoint turn on. Adequate 
enable current must be injected into the column select 
and Rp should drop at least 1.5 Volts. The PNP transistor 
has a typical gain of one. Thus, Rp should pass at feast 
2 mA to provide 4 mA column select current. 


FIGURE 23— CROSSPOINT OPERATION 
DEMONSTRATION CIRCUIT 


G2 
Vcc 


Column 
Select A 
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Select W 


$1 


ADDRESSING CONSIDERATIONS 


The MC3416 crosspoint switch is addressed by selecting 
and turning on the PNP transistor that controls the SCR 
pair desired. The drive requirements of the MC3416 can be 
met with standard CMOS outputs. A particular crosspoint 
is addressed by putting a logical ‘1’ on the emitter and a — 
logical ‘0’ on the base of the appropriate transistor. A 
resistor in the base circuit of the transistor is required to 
limit the current and must also drop 1.5 Volts to assure 
forward bias of the two diodes in the collector circuits. 


| si | s2_|s3 ] LINE CONDITION. 

| on | x [Torr] Enabled, Not Connected __| 
| on | ofr] x__| Enabled, Not Connected __ 
|_ON | 
|_ON | 


FON | ON | Addressed and Connected _| 
x |x | GiConnected to G2 
porF] x |x | Disconnected. 


X = irrelevant 


The gate current required for SCR turnon is 1 mA typically. 
The CMOS one-of-n decoders listed in Table ! provide 
both active high and active low outputs and are well suited 
for standard addressing organizations. The major design 
constraint in organizing the addressing structure is that 
any signal path which is to be addressed must create a dc 
path from a source to a sink, If that path requires two 
crosspoints they must be addressed simultaneously. Of 
course, once the path is selected, the addressing hardware 
is free to initiate other signal paths. To meet the dc path 
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APPLICATIONS INFORMATION (continued) 


requirement, crosspoint arrays should be designed in blocks 
such that any given dc path requires only one crosspoint 
per block. A signal path, however, may still use two crass- 
points in the same block by sequentially addressing two 
dc paths to the same terminator. For example, the left or 
right pairs of crosspoints in Figure 22 must be addressed 
simultaneously but the left pair may be addressed in 
sequence after addressing the right pair. This is not a 
difficult constraint to meet and it does not require unneces- 
sary addressing hardware. 


TABLE | 
Active High Outputs | Active Low Outputs 


MC14556 
MC14515 


MC14555 
MC14514 
MC14028 


Dual Binary to 1 of 4 
4-bit latch/4 to 16 
BCD to Decimal Decode 


DISCONNECT TECHNIQUES 


Since the crosspoint switch maintains signal paths by 
keeping dc currents through active SCR’‘s, disconnects are 
easily accomplished by interrupting the dc current path. 
This can be done anywhere in the circuit, but if the dis- 
connect is done at the terminator then all signal paths 
established to that terminator are broken simultaneously. 
In both Figures 21 and 22 this is done by turning off the 
current sink circuit with a CMOS buffer gate. MC14049 
or MC14050 buffers will drive the transistor switch. Once 
a disconnect is completed, the terminator may be re-enabled 
and used for another call. Usage of the terminators may be 
easily monitored with optoelectronic couplers in the 
collectors of the current sinks without disturbing trans- 
mission characteristics. 
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CONTINUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 


Providing a simplified approach to digital speech encoding/ 
decoding, the MC3517/18 series of CVSDs is designed for military 
secure communication and commercial telephone applications. 
A single IC provides both encoding and decoding functions. 


@ Encode and Decode Functions on the Same Chip with 
a Digital Input for Selection 
Utilization of Compatible 12L = Linear Bipolar Fechnology 
CMOS Compatible Digital Output 


Specifications and Applications 
Information 


CONTINUOUSLY VARIABLE 
SLOPE DELTA | 
MODULATOR/DEMODULATOR 


LASER-TRIMMED 
INTEGRATED CIRCUIT 


Digital Input Threshold Selectable (VCC/2 reference L SUFFIX 
provided on chip) 


MC3417/MC3517 has a 3-Bit Algorithm (General 


Communications) 


MC3418/MC3518 has a 4-Bit Algorithm (Commercial Telephone) 


Encode/ 


Digital ¢ 

Data Input 
Digital 12 
Threshold] VTH 


Digital 
Output 


Vec/2 
Output 


CERAMIC PACKAGE 


CASE 620-02 


CVSD BLOCK DIAGRAM PIN CONNECTIONS 
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Analog 
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Syltlabic 
Filter 
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Integrator -  Syllabic 
Amplifier 


Analog 
Output 


Control 


Ref 
Input (+) 


> Coincidence 
Output 


Coincidence 
Output 


4. Gain Control 
a 
‘Gc 


Vcc/2 
Output 


Digital 


6 
Output 


Ref Filter 


Input Input 
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MAXIMUM RATINGS 
(All voltages referenced to Veg, Ta = 25°C unless otherwise noted.) 


Logic Input Voltage 
(Clock, Digital Data, Encode/Decode) 


Coincidence Output Voltage 
Syllabic Filter Input Voltage 
Gain Control Input Voltage 

Reference Input Voltage 


Vcc/2 Output Current 


ELECTRICAL CHARACTERISTICS 


(Vcc =12 V, Veg = Gnd, Ty = 0°C to +70°C for MC3417/18, Tp = -55°C to +125°C for MC3517/18 unless otherwise noted.) 


Power Supply Current (Figure 1) 
(Idle Channel) 
(Voc = 5.0 V) 
(Veco =15V) 


A 
Gain Control Current Range (Figure 2) IGCR 0.001 é : 


Analog Comparator Input Range Vdc 
(Pins 1 and 2) 
(4.75 V <Vec < 165 V) 


Analog Output Range (Pin 7) 
(4.75 V<Vcc < 165 V, Io = + 5.0 mA) 
Input Bias Currents (Figure 3) 
(Comparator in Active Region) 
Analog Input (11) 
Analog Feedback (12) 
Syllabic Filter Input (13) 
Reference Input (15) 


Input Offset Current 
(Comparator in Active Region) 
Analog Input/Analog Feedback 
111-12] — Figure 3 
Integrator Amplifier 
\|!5~16} — Figure 4 


Transconductance 
V/\ Converter, 0 to 3.0 mA 
integrator Amplifier,0 to + 5.00 mA Load 


0.3 


se | s| 8 g 
Sor Ob SS -& 


Propagation Delay Times (Note 1) 
Clock Trigger to Digital Output 
(Cy = 25 pF to Gnd) 


Clock Trigger to Coincidence Output 

(Cy = 25 pF to Gnd) 

(RL =4kQ to Vcc) 

Coincidence Output Voltage — 
Low Logic State 

(OL(Con) = 3.0 mA) 

Coincidence Output Leakage Current — 
High Logic State 

(VOH = 15.0 V,0°C < Ty < 70°C) 


IOH(Con) 


NOTE 1. All propagation delay times measured 50% to 50% from the negative going (from Vcc to +0.4 V) edge of the clock. 
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: ELECTRICAL CHARACTERISTICS (continued) 


(Pin 12) 

Digital Threshold Input Current 
(1.2V < Vih < Voc - 2.0 V) 

(Vi_ applied to Pins 13, 14 and 15) 

(Vip applied to Pins 13, 14 and 15) 


Dynamic Total Loop Offset Voltage 
(Note 2) — Figures 3, 4 and 5 

Igc =12.0uHA, Veco =12V 

Ta = 25°C 

0°C < Ta <+70°C = =MC3417/18 

~55°C < Ta < +125°C mc3517/18 
Igc = 33.0 uA, Veco = 12 V 

Tp = 25°C 

O0°C < Ta < + 70°C MC3417/18 

~55°C < Tp < +125°C MC3517/18 
Igc = 12.0 vA, Vcc =5.0V 

Ta = 25°C 

0°C < Ta <+70°C = MC 3417/18 

-55°C < Tp < +125°C MC3517/18 
Igc = 33.0 HA, Veco = 5.0 V 

Ta = 25°C 


Vcc/2 Generator Tolerance er a 
0°C<Ta<+70°C = ™mc3417/18 


(4.75V <Vec < 16.5 V) 
=Voffset 
~55°C < Ta < +125°C MC3517/18 


Logic Input Voltage (Pins 13, 14 and 15) 

Digital Output Voltage ; 
(lo_ = 3.6 mA) VOL _ — : 
(lov = -0.35 mA) VOH Veco -1.01 Vcc - 0.2 Veco -190]/Vcc - 0.2 


Low Logic State 
Syllabic Filter Applied Voltage (Pin 3) Vi(Syl) +£3,2 Vcc +3.2 Vcc Vdc 
(Figure 2) 


High Logic State 
Integrating Current (Figure 2) 


Iyntl 
(Igc = 12.0 uA) 8.0 10 12 8.0 12 LA 
(igc = 1.5 mA) 1.45 1.50 1.55 1.45 1.55 mA 
(igc = 3.0 mA). 2.75 3.25 2.75 3.25 mA 


MA 


Digital Data Input 
analog comparator and of the integrator amplifier include the effects of input offset current through the input resistors. The slope 


3.0 . 3.0 
(Igc = 1.5 mA) Figure 6 
Input Current — High Logic State tH MA 
(Vip, = 18 V) 
Digital Data Input +5.0 +5.0 
Clock Input +5.0 +50 
Encode/Decode Input +5.0 +5.0 
Input Current — Low Logic State Hie 
Clock Input 
Encode/Decode Input 
Clock Input, Vj_ =0.4 V 
polarity switch current mismatch appears as an average voltage across the 10 k integrator resistor. For the MC3417/MC3517, the 
clock frequency is 16.0 kHz. For the MC3418/MC3518, the clock frequency is 32.0 kHz. Idle channel performance is guaranteed if 
this dynamic total loop offset is less than one-half of the change in integrator output voltage during one clock cycle (ramp step size). 


(Vip =OV) 
NOTE 2. Dynamic total loop offset ([Voffset) equals Vig (comparator) (Figure 3) minus Vigx (Figure 5). The input offset voltages of the 
Laser trimming is used to insure good idle channel performance. 
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DEFINITIONS AND FUNCTION OF PINS 


Pin 1 — Analog Input 

This is the analog comparator inverting input where 
the voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to be 
level shifted to the internal reference voltage, then a bias 
resistor between pins 1 and 10 is used. The resistor 
is used to establish the reference as the new dc average of 
the ac coupled signal. The analog comparator was designed 
for low hysteresis (typically less than 0.1 mV) and high 
gain (typically 70 dB). 


Pin 2 — Analog Feedback 

This is the non-inverting input to the analog signal 
comparator within the IC. In an encoder application it 
should be connected to the analog output of the encoder 
circuit. This may be pin 7 or a low pass filter output 
connected to pin 7. In a decode circuit pin 2 is not used 
and may be tied to V¢¢/2 on pin 10, ground or left open. 

The analog input comparator has bias currents of 
1.5 uA max, thus the driving impedances of pins 1 and 2 
should be equal to avoid disturbing the idle channel 
characteristics of the encoder. 


Pin 3 — Syllabic Filter 

This is the point at which the syllabic filter voltage is 
returned to the IC in order to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC network between pins 11 and 3. Typical 
time constant values of 6 ms to 50 ms are used in voice 
codecs. 


Pin 4 — Gain Control Input 

The syllabic filter voltage appears across Cs of the 
syllabic filter and is the voltage between Vcc and pin 3. 
The active voltage to current (V-1) converter drives 
pin 4 to the same voltage at a slew rate of typically 
0.5 V/us. Thus the current injected into pin 4 (IGcC) 
is the syllabic filter voltage divided by the Rx resistance. 
Figure 6 shows the relationship between IGcC (x-axis) and 
the integrating current, I|nt (y-axis). The discrepancy, 
which is most significant at very low currents, is due to 
circuitry within the slope polarity switch which enables 
trimming to a low total loop offset. The Rx resistor is 
then varied to adjust the loop gain of the codec, but 
should be no larger than 5.0 kQQ to maintain stability. 


Pin 5 — Reference Input 

This pin is the non-inverting input of the integrator 
amplifier. It is used to reference the dc level of the output 
signal. In an encoder circuit it must reference the same 
voltage as pin 1 and is tied to pin 10. 


Pin 6 — Filter Input 
This inverting op amp input is used to connect the 
integrator external components. The integrating current 


(lint) flows into pin 6 when the analog input (pin 1) is 
high with respect to the analog feedback (pin 2) in the 
encode mode or when the digital data input (pin 13) is 
high in the decode mode. For the opposite states, l|nt 
flows out of Pin 6. Single integration systems require a 
Capacitor and resistor between pins 6 and 7. Multipole 
configurations will have different circuitry. The resistance 
between pins 6 and 7 should always be between 8 kQ2 and 
13 k§2 to maintain good idle channel characteristics. 


Pin 7 — Analog Output 

This is the integrator op amp output. It is capable of 
driving a 600-ohm load referenced to Vcc/2 to +6 dBm 
and can otherwise be treated as an op amp output. Pins 5, 
6, and 7 provide full access to the integrator op amp 
for designing integration filter networks. The slew rate 
of the internally compensated integrator op amp _ is 
typically 0.5 V/us. Pin 7 output is current limited for 
both polarities of current flow at typically 30 mA. 


Pin8 — VEE 

The circuit is designed to work in either single or dual 
power supply applications. Pin 8 is always connected to 
the most negative supply. 


Pin 9 — Digital Output 

The digital output provides the results of the delta 
modulator’s conversion. It swings between Vcc and 
VEE and is CMOS or TTL compatible. Pin 9 is inverting 
with respect to pin 1 and non-inverting with respect 
to pin 2. It is clocked on the falling edge of pin 14. 
The typical 10% to 90% rise and fall times are 250 ns and 
50 ns respectively for Vcc = 12 V and CL = 25 pF 
to ground. 


Pin 10 — V¢c/2 Output 

An internal low impedance mid-supply reference ts 
provided for use of the MC3417/18 in single supply 
applications. The internal regulator is a current source 
and must be loaded with a resistor to insure its sinking 
capability. If a +6 dBmo signal is expected across a 
600 ohm input bias resistor, then pin 10 must sink 
2.2 V/600 22 = 3.66 mA. This is only possible if pin 10 
sources 3.66 mA into a resistor normally and will source 
only the difference under peak load. The reference load 
resistor is chosen accordingly. A 0.1 uF bypass capacitor 
from pin 10 to VEE is also recommended. The Vcc/2 
reference is capable of sourcing 10 mA and can be used 
as a reference elsewhere in the system circuitry. 


Pin 11 — Coincidence Output 
The duty cycle of this pin is proportional to the 


voltage across Cs. The coincidence output will be low | 


whenever the content of the internal shift register is all 
1s or all Os. In the MC3417 the register is 3 bits long 
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DEFINITIONS AND FUNCTIONS OF PINS (continued) 


while the MC3418 contains a 4 bit register. Pin 11 is an 
open collector of an NPN device and requires a pull-up 
resistor. If the syllabic filter is to have equal charge and 
discharge time constants, the value of Rp should be 
much less than Rs. In systems requiring different charge 
and discharge constants, the charging constant is RsCs 
while the decaying constant is (Rg + Rp)Cs. Thus longer 
decays are easily achievable. The NPN device should not 
be required to sink more than 3 mA in any configuration. 
The typical 10% to 90% rise and fall times are 200 ns and 
100 ns respectively for RL = 4 kQ2 to +12 V and Cy = 
25 pF to ground. 


Pin 12 — Digital Threshold 

This input sets the switching threshold for pins 13, 14, 
and 15. It is intended to aid in interfacing different logic 
families without external parts. Often it is connected to 
the Vcc/2 reference for CMOS interface or can be biased 
two diode drops above VEF for TTL interface. 


Pin 13 — Digital Data Input 

In a decode application, the digital data stream is 
applied to pin 13. In an encoder it may be unused or may 
be used to transmit signaling message under the con- 
trol of pin 15. It is an inverting input with respect to 
pin 9. When pins 9 and 13 are connected, a toggle 
flip-flop is formed and a forced idle channel pattern 


FIGURE 1 — POWER SUPPLY CURRENT 


CVSD 
MC3517 


MC3518 


can be transmitted. The digital data input level should be 
maintained for 0.5 us before and after the clock trigger 
for proper clocking. 


Pin 14 — Clock Input 

The clock input determines the data rate of the codec 
circuit. A 32K bit rate requires a 32 kHz clock. The 
switching threshold of the clock input is set by pin 12. 
The shift register circuit toggles on the falling edge of the 
clock input. The minimum width for a positive-going 
pulse on the clock input is 300 ns, whereas for a negative- 
going pulse, it is 900 ns. 


Pin 15 — Encode/Decode 

This pin controls the connection of the analog input 
comparator and the digital input comparator to the 
internal shift register. If high, the result of the analog 
comparison will be clocked into the register on the 
falling edge at pin 14. If low, the digital input state will be 
entered. This allows use of the IC as an encoder/decoder 
or simplex codec without external parts. Furthermore, it 
allows non-voice patterns to be forced onto the trans- 
mission line through pin 13 in an encoder. 


Pin16—Vcc 
The power supply range is from 4.75 to 16.5 volts 
between pin Vcc and VEE. 


FIGURE 2 — Igcr, GAIN CONTROL RANGE and 
lint — INTEGRATING CURRENT 


ST i LE 


© * Clock 


CVSD Digital 
MC3517 Data Input 
MC3518 


0.7 UF 
4 Digital 
Output 


Note: Digital Output = Digital Data Input 


*For static testing, the clock is only necessary for 
preconditioning to obtain proper state for a given input. 
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET 
COMPARATOR OFFSET VOLTAGE AND CURRENT VOLTAGE AND CURRENT 


V10(comparator) 


CVSD 
MC3517 
MC3518 


CVSD 
MC3517 
MC3518 


(Integrator 
Amplifier 
Offset 
Voltage) 


Note: The analog comparator offset voltage is tested 
under dynamic conditions and therefore must 
be measured with appropriate filtering. 


FIGURE 5 — V/I CONVERTER OFFSET VOLTAGE, 
Vio and Viox FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH 


*32 kHz MC3418/MC3518 
16 kHz MC3417/MC3517 


CVSD 
MC3517 
MC3518 

CVSD 
MC3517 
MC3518 


Viox 
(Integrator 
Amplifier 
Offset 
Voltage 
plus Slope 
Polarity 
Switch 
Mismatch) 


Vo(AV) 
(Note 1) 


*32 kHz MC3418/MC3518 
16 KHz MC3417/MC3517 


Notes: 1. Vo(AV): Dynamic Integrating Current Match, 
is the average voltage of the triangular wave- 
form observed at the measurement points, 
across 10 k22 resistor with IG¢ = 1.5 MA. 

2. See Note 2 of the Electrical Characteristics 


Note: Viox is the average voltage of the triangular 
waveform observed at the measurement points. 


, 


page 3. 


fhe rrr ener 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-17 


MC3417, MC3418, MC3517, MC3518 


TYPICAL PERFORMANCE CURVES 


FIGURE 8 — NORMALIZED DYNAMIC 
FIGURE 7 — TYPICAL ljn¢ versus Igc (Mean + 20) INTEGRATING CURRENT MATCH versus Vcc 
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FIGURE 9 — NORMALIZED DYNAMIC INTEGRATING FIGURE 10 — DYNAMIC TOTAL LOOP 
CURRENT MATCH versus CLOCK FREQUENCY OFFSET versus CLOCK FREQUENCY 
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(See Figure 6, 
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Igc = 33 uA ‘N 


(See Note 2 of Electrical tk 
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FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER 
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FIGURE 12 — CVSD WAVEFORMS 
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FIGURE 13 — BLOCK DIAGRAM OF THE CVSD DECODER 
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC 
(Using MC3417, Single Pole Companding and Single Integration) 
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CIRCUIT DESCRIPTION 


The continuously variable slope delta modulator 
(CVSD) is a simple alternative to more complex conven- 
tional conversion techniques in systems requiring digital 
communication of analog signals. The human voice is 
analog, but digital transmission of any signal over great 
distance is attractive. Signal/noise ratios do not vary with 
distance in digital transmission and multiplexing, 
switching and repeating hardware is more economical and 
easier to design. However, instrumentation A to D con- 
verters do not meet the communications requirements. 
The CVSD A to D is well suited to the requirements of 
digital communications and is an economically efficient 
means of digitizing analog inputs for transmission. 


The Delta Modulator 

The innermost control loop of a CVSD converter is 
a simple delta modulator. A block diagram CVSD Encoder 
is shown in Figure 11. A delta modulator consists of a 
comparator in the forward path and an integrator in 
the feedback path of a simple control loop. The inputs 
to the comparator’ are the input analog signal and the 
integrator output. The comparator output reflects the 


sign of the difference between the input voltage and 
the integrator output. That sign bit is the digital output 
and also controls the direction of ramp in the integrator. 
The comparator is normally clocked so as to produce 
a synchronous and band limited digital bit stream. 

If the clocked serial bit stream is transmitted, 
received, and delivered to a similar integrator at a remote 
point, the remote integrator output is a copy of the 
transmitting control loop integrator output. To the 
extent that the integrator at the transmitting locations 
tracks the input signal, the remote receiver reproduces 
the input signal. Low pass filtering at the receiver output 
will eliminate most of the quantizing noise, if the clock 
rate of the bit stream is an octave or more above the 
bandwidth of the input signal. Voice bandwidth is 4 kHz 
and clock rates from 8 k and up are possible. Thus the 
delta modulator digitizes and transmits the analog input 
to a remote receiver. The serial, unframed nature of the 
data is ideal for communications networks. With no 
input at the transmitter, a continuous one zero alternation 
is transmitted. If the two integrators are made leaky, then 
during any loss of contact the receiver output decays to 
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CIRCUIT DESCRIPTION (continued) 


zero and receive restart begins without framing when the 
receiver reacquires. Similarly a delta modulator is tolerant 
of sporadic bit errors. Figure 12 shows the delta modu- 
lator waveforms while Figure 13 shows the corresponding 
CVSD decoder block diagram. 


The Companding Algorithm 

The fundamental advantages of the delta modulator 
are its simplicity and the serial format of its output. 
Its limitations are its ability to accurately convert the 
input within a limited digital bit rate. The analog input 
must be band limited and amplitude limited. The fre- 
quency limitations are governed by the nyquist rate while 
the amplitude capabilities are set by the gain of the 
integrator. 

The frequency limits are bounded on the upper end; 
that is, for any input bandwidth there exists a clock 
frequency larger than that bandwidth which will trans- 
mit the signal with a specific noise level. However, the 
amplitude limits are bounded on both upper and lower 
ends. For a signal level, one specific gain will achieve an 
Unfortunately, the basic delta 
modulator has a small dynamic range over which the 
noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input 
bandwidth the additional circuitry increases the delta 
modulator’s dynamic range. External to the basic 
delta modulator is an algorithm which monitors the 
past few outputs of the delta modulator in a simple 
shift register. The register is 3 or 4 bits long depending on 
the application. The accepted CVSD algorithm simply 
monitors the contents of the shift register and indicates 


optimum noise level. 


if it contains all 1s or Os. This condition is called coinci- 
dence. When it occurs, it indicates that the gain of the 
integrator is too small. The coincidence output charges 
a single pole low pass filter. The voltage output of this 
syllabic filter controls the integrator gain through a pulse 
amplitude modulator whose other input is the sign bit 
or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control algo- 
rithms using the shift register have been tried. The key to 
the accepted algorithm is that it provides a measure of 
the average power or level of the input signal. Other 
techniques provide more instantaneous information 
about the shape of the input curve. The purpose of 
the algorithm is to control the gain of the integrator 
and to increase the dynamic range. Thus a measure of 
the average input level is what ts needed. 

The algorithm is repeated in the receiver and thus 
the level data is recovered in the receiver. Because the 
algorithm only operates on the past serial data, it changes 
the nature of the bit stream without changing the channel 
bit rate. 

The effect of the algorithm is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator will reflect 
the shape of the input signal but all of the output will 
be at an equal level. Thus the algorithm at the output is 
needed to restore the level variations. The bit stream 
in the channel is as if it were from a standard delta modu- 
lator with a constant level input. 

The delta modulator encoder with the CVSD algorithm 
provides an efficient method for digitizing a voice input 
in a manner’ which is especially convenient for digital 
communciations requirements. 


APPLICATIONS INFORMATION 
CVSD DESIGN CONSIDERATIONS 


A simple CVSD encoder using the MC3417 or MC3418 
is shown in Figure 14. These ICs are general purpose 
CVSD building blocks which allow the system designer 
to tailor the encoder’s transmission characteristics to the 
application. Thus, the achievable transmission capabilities 
are constrained by the fundamental limitations of delta 
modulation and the design of encoder parameters. The 
performance is not dictated by the internal configuration 
of the MC3417 and MC3418. There are seven design 
considerations involved in designing these basic CVSD 
building blocks into a specific codec application. 


These are listed below: 
1. Selection of clock rate 


Required number of shift register bits 

. Selection of loop gain 

. Selection of minimum step size 

. Design of integration filter transfer function 
. Design of syllabic filter transfer function 

. Design of low pass filter at the receiver 


SO of WD 


The circuit in Figure 14 is the most basic CVSD circuit 
possible. For many applications in secure radio or other 
intelligible voice channel requirements, it is entirely 
sufficient. In this circuit, items 5 and 6 are reduced to 
their simplest form. The syllabic and integration filters 
are both single pole networks. The selection of items 
1 through 4 govern the codec performance. 
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CVSD DESIGN CONSIDERATIONS (continued) 


Layout Considerations 


Care should be exercised to isolate all digital signal 
paths (pins 9, 11, 13, and 14) from analog signal paths 
(pins 1-7 and 10) in order to achieve proper idle channel 
performance. 


Clock Rate 

With minor modifications the circuit in Figure 14 
may be operated anywhere from 9.6 kHz to 64 kHz 
clock rates. Obviously the higher the clock rate the higher 
the S/N performance. The circuit in Figure 14 typically 
produces the S/N performance shown in Figure 15. 
The selection of clock rate is usually dictated by the 
bandwidth of the transmission medium. Voice band- 
width systems will require no higher than 9600 Hz. 
Some radio systems will allow 12 kHz. Private 4-wire 
telephone systems are often operated at 16 kHz and 
commercial telephone performance can be achieved 
at 32K bits and above. Other codecs may use bit rates 
up to 200K bits/sec. 


FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE 
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE 
AND COMPANDING AT 16K BITS — TYPICAL 


| (ie aaa (RS eS ee 
Pt TZ | Clock Rate = 16 kHe x 
iaeaee (ea 


S/N (dB) 


Xe 
Y | Test Tone = 1 kHz Sine Wave oN 
a ee ae ee a Noise Weighting C Message 


INPUT LEVEL (dB) RELATIVE TO SLOPE OVERLOAD 


Shift Register Length (Algorithm) 

The MC3417 has a three-bit algorithm and the MC3418 
has a four-bit algorithm. For clock rates of 16 kHz and 
below, the 3-bit algorithm is well suited. For 32 kHz 
and higher clock rates, the 4-bit system is preferred. 
Since the algorithm records a fixed past history of the 
input signal, a longer shift register is required to obtain 
the same internal hsitory. At 16 bits and below, the 
4-bit algorithm will produce a slightly wider dynamic 
range at the expense of level change response. Basically 
the MC3417 is designed for low bit rate systems and the 
MC3418 is intended for high performance, high bit rate 
system. At bit rates above 64K bits either part will 
work well. | 


Selection of Loop Gain 

The gain of the circuit in Figure 14 is set by resistor 
Rx. Rx must be selected to provide the proper integrator 
step size for high level signals such that the companding 
ratio does not exceed about 25%. The companding ratio 
is' the active low duty cycle of the coincidence output on 
pin 11 of the codec circuit. Thus the system gain is 
dependent on: 

1. The maximum level and frequency of the input 

signal. 
2. The transfer function of the integration filter. 


For voice codecs the typical input signal is taken to be 
a sine wave at 1 kHz of 0 dBmo level. In practice, the 
useful dynamic range extends about 6 dB above the design 
level. In any system the companding ratio should not 
exceed 30%. 

To calculate the required step size current, we must 
describe the transfer characteristics of the integration 
filter. In the basic circuit of Figure 14, a single pole of 
160 Hz is used. 


R= 10 kQ, C =0.1 uF 


— K 
I; C(S+1/RC) ~§ + Wo 
Wo = 27f 
103 = wo = 2rf 
f = 159.2 Hz 

Note that the integration filter produces a single-pole 
response from 300 to 3 kHz. The current required to 
move the integrator output a specific voltage from zero 
is simply: 


Vo in CgVo 
R dt 


Now a O dBmo sine wave has a peak value of 1.0954 
volts. In 1/8 of a cycle of a sine wave centered around 
the zero crossing, the sine wave changes by approximately 
its peak value. The CVSD step should trace that change. 
The required current for a0 dBm 1 kHz sine wave is: 


1.1V , 0.1 WF (1.1) 
*2(10 kQ) 0.125 ms 


*The maximum voltage across RI when maximum 
slew is required is: 


= = 0.935 mA 


1.1 Vv 
2 


Now the voltage range of the syllabic filter is the 
power supply voltage, thus: 
geneva Ee 
0.935 mA 


A similar procedure can be followed to establish the 
proper gain for any input level and integration filter type. 


= 0.25(Vcc) 
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CVSD DESIGN CONSIDERATIONS (continued) 


Minimum Step Size 

The final parameter to be selected for the simple codec 
in Figure 14 is idle channel step size. With no input signal, 
the digital output becomes a one-zero alternating pattern 
and the analog output becomes a small triangle wave. 
Mismatches of internal currents and offsets limit the 
minimum step size which will produce a perfect idle 
channel pattern. The MC3417 is tested to ensure that 
a 20 mVp-p minimum step size at 16 kHz will attain a 
proper idle channel. The idle channel step size must be 
twice the specified total loop offset if a one-zero idle 
pattern is desired. In some applications a much smaller 
minimum step size (e.g., 0.1 mV) can produce quiet 
performance without providing a 1-0 pattern. 

To set the idle channel step size, the value of Rmin 
must be selected. With no input signal, the slope control 
algorithm is inactive. A long series of ones or zeros never 
occurs. Thus, the voltage across the syllabic filter capaci- 
tor (Cs) would decay to zero. However, the voltage 
divider of Rs and Rmin (see Figure 14) sets the minimum 
allowed voltage across the syllabic filter capacitor. That 
voltage must produce the desired ramps at the analog 
output. Again we write the filter input current equation: 


For values of Vo near VcC/2 the Vo/R term is negli- 
gible; thus 


where AT is the clock period and AV o is the desired 
peak-to-peak value of the idle output. For a 16K-bit 
system using the circuit in Figure 14 


_ 0.1 uF 20 mV _ 


l; 
62.5 us 


33 UA 
The voltage on Cs which produces a 33 uA current is 
determined by the value of Ry. 


I; Rx = Vgmin; for 33 uA, Vsmin = 41.6 mV 


In Figure 14 Rg is 18 kQ2. That selection is discussed 
with the syllabic filter considerations. The voltage divider 
of Rs and Rmin Must produce an output of 41.6 mV. 


Rs 


— Rmin ~ 2.4 MQ 
Rs+Rmin 


VCC = VSmin 


Having established these four parameters — clock rate, 
number of shift register bits, loop gain and minimum 
step size — the encoder circuit in Figure 14 will function 
at near optimum performance for input levels around 
O dBm. 


INCREASING CVSD PERFORMANCE 


Integration Filter Design 

The circuit in Figure 14 uses a single-pole integration 
network formed with a 0.1 uF capacitor and a 10 kQ2 
resistor. It is possible to improve the performance of the 
circuit in Figure 14 by 1 or 2 dB by using a two-pole 
integration network. The improved circuit is shown. 

The first pole is still placed below 300 Hz to provide 
the 1/S voice content curve and a second pole is placed 
somewhere above the 1 kHz frequency. For telephony 
circuits, the second pole can be placed above 1.8 kHz 
to exceed the 1633 touchtone frequency. In other com- 
munication systems, values as low as 1 kHz may be 
selected. In general, the lower in frequency the second 
pole is placed, the greater the noise improvement. Then, 
to ensure the encoder loop stability, a zero is added to 
keep the phase shift less than 180°. This zero should 
be placed slightly above the low-pass output filter break 
frequency so as not to reduce the effectiveness of the 
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz 
is typical for telephone applications while 160 Hz, 
1.2 kHz and 2.8 kHz might be used in voice only channels. 
(Voice only channels can use an output low-pass filter 
which breaks at about 2.5 kHz.) The two-pole network 
in Figure 16 has a transfer function of: 


1 
RoR1(S + 
: i( 5) 


eee ee yet ela 
(Ro +R4)Cq R9C2 


FIGURE 16 — IMPROVED FILTER CONFIGURATION 


Vo 


R2C2(Ro + Rni(s + 


Analog Output O 


These component values are for the telephone channel circuit 
poles described in the text. The R2, C2 product can be provided 
with different values of R and C. R2 should be chosen to be equal 
to the termination resistor on pin 1. 
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INCREASING CVSD PERFORMANCE (continued) 


Thus the two poles and the zero can be selected arbitrarily 
as long as the zero is at a higher frequency than the first 
pole. The values in Figure 16 represent one implementa- 
tion of the telephony filter requirement. 

The selection of the two-pole filter network effects 
the selection of the loop gain value and the minimum step 
size resistor. The required integrator current for a given 
change in voltage now becomes: 


V RaC R AV 
Ro Ro AT 


+ 


ae ae 
Ro AT2 


The calculation of desired gain resistor Ry then proceeds 
exactly as previously described. 


( 9C9C1 + 


Syllabic Filter Design 

The syllabic filter in Figure 14 is a simple single-pole 
network of 18 kQ2 and 0.33 uF. This produces a 6.0 ms 
time constant for the averaging of the coincidence output 
signal. The voltage across the capacitor determines the 
integrator current which in turn establishes the step size. 
The integrator current and the resulting step size deter- 
mine the companding ratio and the S/N performance. 
The companding ratio is defined as the voltage across 
Cs/VCc. 

The S/N performance may be improved by modifying 
the voltage to current transformation produced by Ry. 
If different portions of the total Ry are shunted by diodes, 
the integrator current can be other than (Vcc - Vs)/Rx. 
These breakpoint curves must be designed experimentally 
for the particular system application. In general, one 
would wish that the current would double with input 
level. To design the desired curve, supply current to pin 4 
of the codec from an external source. Input a signal 
level and adjust the current until the S/N performance 


is optimum. Then record the syllabic filter voltage and 
the current. Repeat this for all desired signal levels. 
Then derive the resistor diode network which produces 
that curve on a curve tracer. 

Once the network is designed with the curve tracer, 
it is then inserted in place of Ry in the circuit and the 
forced optimum noise performance will be achieved 
from the active syllabic algorithm. 

Diode breakpoint networks may be very simple or 
moderately complex and can improve the usable dynamic 
range of any codec. In the past they have been used in 
high performance telephone codecs. 

Typical resistor-diode networks are shown in Figure 17. 


FIGURE 17 — RESISTOR-DIODE NETWORKS 


If the performance of more complex diode networks 
is desired, the circuit in Figure 18 should be used. It 
simulates the companding characteristics of nonlinear 
Ry elements in a different manner. 


Output Low Pass Filter 

A low pass filter is required at the receiving circuit 
output to eliminate quantizing noise. In general, the lower 
the bit rate, the better the filter must be. The filter in 
Figure 20 provides excellent performance for 12 kHz 
to 40 kHz systems. 


TELEPHONE CARRIER QUALITY CODEC USING MC3418 


Two specifications of the integrated circuit are speci- 
fically intended to meet the performance requirements 
of commercial telephone systems. First, slope polarity 
switch current matching is laser trimmed to guarantee 
proper idle channel performance with 5 mV minimum 
step size and a typical 1% current match from 15 MA 
to 3 mA. Thus a 300 to 1 range of step size variation is 
possible. Second, the MC3418 provides the four-bit 
algorithm currently used in subscriber loop telephone 
systems. With these specifications and the circuit of Fig- 
ure 18, a telephone quality codec can be mass produced. 


The circuit in Figure 18 provides a 30 dB S/Nc ratio 
over 50 dB of dynamic range for a 1 kHz test tone at 
a 37.7K bit rate. At 37.7K bits, 40 voice channels may 
be multiplexed on a standard 1.544 megabit T1 facility. 
This codec has also been tested for 10-7 error rates with 
asynchronous and synchronous data up to 2400 baud 
and for reliable performance with DTMF signaling. Thus, 
the design is applicable in telephone quality subscriber 
loop carrier systems, subscriber loop concentrators and 
small PABX installations. 
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) 


The Active Companding Network 

The unique feature of the codec in Figure 18 is the 
step size control circuit which uses a companding ratio 
reference, the present step size, and the present syllabic 
filter output to establish the optimum companding 
ratios and step sizes for any given input level. The com- 
panding ratio of a CVSD codec is defined as the duty 
cycle of the coincidence output. It is the parameter 
measured by the syllabic filter and is the voltage across 
Cs divided by the voltage swing of the coincidence output. 
In Figure 18, the voltage swing of pin 11 is 6 volts. The 
operating companding ratio is analoged by the voltage 
between pins 10 and 4 by means of the virtual short 
across pins 3 and 4 of the V to | op amp within the inte- 
grated circuit. Thus, the instantaneous companding 
ratio of the codec is always available at the negative 
input of Al. 

The diode D1 and the gain of Al and A2 provide 
a companding ratio reference for any input level. If 
the output of A2 is more than 0.7 volts below Vcc/2, 


then the positive input of Al is (Vcc/2 - 0.7). The on 


diode drop at the input of A1 represents a 12% com- 
panding ratio (12% = 0.7 V/6 V). 
The present step size of the operating codec is directly 


related to the voltage across Ry, which established the 
integrator current. In Figure 18, the voltage across Rx is 
amplified by the differential amplifier A2 whose output 
is single ended with respect to pin 10 of the IC. 

For large signal inputs, the step size is large and the 
output of A2 is lower than 0.7 volts. Thus D1 is fully on. 
The present step size is not a factor in the step size 
control. However, the difference between 12% comp- 
panding ratio and the instantaneous companding ratio at 
pin 4 is amplified by A1. The output of Al changes the 
voltage across Ry in a direction which reduces the dif- 
ference between the companding reference and the 
operating ratio by changing the step size. The ratio of 
R4 and R3 determines how closely the voltage at pin 4 
will be forced to 12%. The selection of R3 and R4 is 
initially experimental. However, the resulting companding 
control is dependent on Rx, R3, R4, and the full diode 
drop D1. These values are easy to reproduce from codec 
to codec. 

For small input levels, the companding ratio reference 
becomes the output of A2 rather than the diode drop. 
The operating companding ratio on pin 4 is then compared 
to a companding ratio smaller than 12% which is deter- 
mined by the voltage drop across Ry and the gain of A2 


FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER 
(Both double integration and active companding control are used to obtain improved CVSD performance. 
Laser trimming of the integrated circuit provides reliable idle channel and step size range characteristics.) 
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) 


FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE 
AND FREQUENCY RESPONSE 
(Showing the improvement realized with 
the circuit in Figure 18.) 
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QUALITY DELTAMODULATOR 


a 
xo} 
Z 
Lis 
” 50 dB 
@) 4 BIT ALGORITHM 
2 37.7K BITS 
2 1kHz TEST TONE 
J C MESSAGE WEIGHT 
< 
Zz 
9 
Y 
-48 -36 ~24 ~12 6) 12 
INPUT LEVEL IN dBmO 
b. FREQUENCY RESPONSE versus INPUT LEVEL 
(SLOPE OVERLOAD CHARACTERISTIC) 
O dBm INPUT 

: 
J 
LW 
> 
WwW 
ea 
5 4 BIT ALGORITHM 
oO 37.7 K BITS 
ke 
oD | 
fe) 


6) 2kHz 4kHz 6kHZ 8kHz 10 kHz 


INPUT FREQUENCY IN Hz 


and A1. The gain of A2 is also experimentally determined, 
but once determined, the circuitry is easily repeated. 

With no input signal, the companding ratio at pin 4 
goes to zero and the voltage across Ry goes to zero. The 
voltage at the output of A2 becomes zero since there is 
no drop across Ry. With no signal input, the actively 
controlled step size vanished. 

The minimum step size is established by the 500 k 
resistor between Vcc and Vcc/2 and is therefore inde- 
pendently selectable. 

The signal to noise results of the active companding 
network are shown in Figure 19. A smooth 2 dB drop is 
realized from +12 dBm to —24 under the contro! of Al. 
At -24 dBm, A2 begins to degenerate the companding 
reference and the resulting step size is reduced so as to 
extend the dynamic range of the codec by 20 dBm. 

The slope overload characteristic is also shown. The 
active companding network produces improved perfor- 
mance with frequency. The 0 dBm slope overload point is 
raised to 4.8 kHz because of the gain available in control- 
ling the voltage across Ry. The curves demonstrate that 
the level linearity has been maintained or improved.” 

The codec in Figure 18 is designed specifically for © 
37.7K bit systems. However, the benefits of the active 
companding network are not limited to high. bit rate 
systems. By modifying the crossover region (changing 
the gain of A2), the active technique may be used to 
improve the performance of lower bit rate systems. 

The performance and repeatability of the codec in 
Figure 18 represents a significant step forward in the art 
and cost of CVSD codec designs. 


*A larger value for C2 is required in the decoder circuit 
than in the encoder to adjust the level linearity with 
frequency. In Figure 18, 0.050 wF would work well. 


FIGURE 20 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT 
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP 
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COMPARATIVE CODEC PERFORMANCE FIGURE 22 — COMPARATIVE CODEC PERFORMANCE — 
The salient feature of CVSD codecs using the MC3517 SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE 
and MC3518 family is versatility. The range of codec ae 
complexity tradeoffs and bit rate is so wide that one 
cannot grasp the interdependency of parameters for oe 
voice applications in a few pages. S pe 
Design of a specific codec must be tailored to the @ — = 
digital channel bandwidth, the analog bandwidth, the B a= 
quality of signal transmission required and the cost = ia ra 
objectives. To illustrate the choices available, the data in = es a ae, 
Figure 22 compares the signal-to-noise ratios and dynamic HS eh | 
range of various codec design options at 32K bits. a 
Generally, the relative merits of each design feature will 
remain intact in any application. Lowering the bit rate i 
will reduce the dynamic range and noise performance -45 -40 -35 -30 -25 -20 -15 -10 -50 0 
of all techniques. As the bit rate is increased, the overall AMPLITUDE (dB) 
performance of each technique will improve and the need = ‘These curves demonstrate the improved performance obtained 
for more complex designs diminishes. with several codec designs of varying complexity. 
Non-voice applications of the MC3517 and MC3518 Curve a — Complex companding and double integration. 
are also possible. In those cases, the signal bandwidth (Figure 18 — MC3418) 
and amplitude characteristics must be defined before Curve b — ae (Figure 21 using Figure 6 — 
the specification of codec parameters can begin. How- GaiveiG-a "Sinaia insuaeont (laure oi Meaaielwan 
ever, in general, the design can proceed along the lines of 6 mV step size 
the voice applications shown here, taking into account the Curve d — Single integration (Figure 21 — MC3417) with 
different signal bandwidth requirements. 25 mV step size 
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TELEPHONE LINE FEED AND 2- TO 4-WIRE 
CONVERSION CIRCUIT 


_.. designed to replace the hybrid transformer circuit in Central 
Office, PABX and Subscriber carrier equipment, providing signal 
separation for two-wire differential to four-wire single-ended 
conversions and suppression of longitudinal signals at the two-wire 
input. It provides dc line current for powering the telset, operating 
- from up to a 56 V supply 


All Key Parameters Externally Programmable 


Current Sensing Outputs Monitor Status of Both Tip and 
Ring Leads 


On-Hook Power Below 5.0 mW 

Digital Hook Status Output 

Power Down Input 

Ground Fault Protection 

Size and Weight Reduction Over Conventional Approaches 


The sale of this product is licensed under patent No. 4,004,109. 
All royalties related to this patent are included in the unit price. 


FUNCTIONAL BLOCK DIAGRAM 
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MAXIMUM RATINGS 


Rating Value 


Voltage (Referenced to Vcc) -~60 PIN CONNECTIONS 
Veg ~-1 
Sense Current ITs, IRSI 
Steady State 100 
Pulse - Figure 4 200 
Storage Temperature Range Tstg -65 to +150 
Operating Junction Temperature 150 
(0jA = 100°C/W Typ) 
OPERATING CONDITIONS 
Rating Value Unit 
Operating Ambient 0 to +70 oC 
Temperature Range 
Loop Current 20 to 120 mA 
-20 to -56 Vde 
-20 to Veg 
Analog Ground Vdc 
(I = 0 to 60 mA) Oto -12 
(lL = 0 to 120 mA) -2.5 to -12 
Supervisory Output Voltage VrRso. VTSo. -2.0 to -20 Vdc 


VHSO 


PIN DESCRIPTIONS 
Function 
The most positive supply voltage. This point is Earth Ground in most typical applications. 


Are the base drive outputs for the PNP and NPN Darlington transistors. 


Are loop current sensing inputs and are connected to the emitter of the PNP & NPN Darlington transistors. 


TS! & RSI Are the tip and ring current sensing inputs. They are low impedance inputs (approximately 600 (Q each) that 
translate the voltage on tip and ring to a current through Resistors RT and Re. 


CC Compensation capacitor input. 


Is the most negative supply voltage. 


Is the quiet battery connection. The voltage on this pin must not go more negative than Veg. 


Hook Status Threshold programming resistor input pin. This pin programs the value of loop resistance 
‘which determines on-hook or off-hook status. 


Ring Sense current Output. This output reflects the status of the Ring terminal. The current is sourced from 
this output and is one-sixth IRs). 


Tip Sense current Output. This output reflects the status of the Tip terminal. The current is sourced from 
this output and is one-sixth ITs). 


Hook Status Output. This is a digital output (open collector PNP) that sources current when the loop 
resistance is less than the threshold resistance value set by Ry. 


Power-Down Input pin. A logic level ‘‘O’’ powers down the MC3419. 


Transmit current output. This output sinks current proportional to Its; + IRS). 


Receive input. This input sums the currents from the TX output and signal input. This pin has a low input 
impedance. 


Analog ground reference supply voltage input. 
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ELECTRICAL CHARACTERISTICS (Veg = -48 V, Vos = -48 V, Vac = -6.0 V, Rr = 900 1, Ta = 25°C unless otherwise noted.) 
Characteristic | Figure 


‘Transhybrid Gain Variation (1.0 kHz @ O dBm Input) 

Transmission/ Reception 
MC3419. 
MC3419A 
MC3419C 


Transhybrid Rejection (1.0 kHz @ 0 dBm Input) 
Fixed (1%) Resistor Balance Network 
MC3419, MC3419C 
MC3419A 
Trimmed Balance Network 
All Types 


Level Linearity (-48 to +3.0 dBm, 
referenced to output @ 1.0 kHz @ 0 dBm) 
Transmission 
Reception 


Frequency Response (200-3400 Hz, referenced to 
output @ 1.0 kHz @ 0 dBm) 


Transmission 
Reception 


Total Distortion 1 VL7ZVRXx 
C-Message Filtered VTX/VL 


idle Channel Noise 
MC3419 
MC3419A 
MC3419C 


Termination Resistance Tolerance @ 1.0 kHz 
MC3419A 
MC3419, MC3419C 


Longitudinal Induction — 60 Hz Z VT™X 
(I = 30 to 100 mA, ILON = 35 mA RMS) 


~ _ : sts) 


M3419 (200-3400 Hz) 
MC3419A (200-1000 Hz) 
Tp, Vax to VL 
Vex to ITx 


dBrncO 


ma 
ro) 


MC3419A (3000 Hz) 
MC3419C (200-3400 Hz) 


| 
bA Go 
oa o 


23 

NO 
" 

nn 


Power Dissipation (RL > 100 MQ) 
MC3419, MC3419A 
MC3419C 


Supply Current — On-Hook 

(Veg = Vop = -56 V, Ri > 100 MQ) 
MC3419, MC3419A 
MC3419C 


Power Supply Noise Rejection (1.0 kHz @ 1.0 V RMS) 3 VTX/Vee 
MC3419, MC3419A 


Quiet Battery Noise Rejection (1.0 kHz @ 1.0 V RMS) 3 

Sense Current 
Tip 

Ring 


yo 
Be 
3 
= 


Oo 
oO 
= 
ro) 
50 
ol Nh 
o:O 
ome) 
= 
> 


| 
£ 
(eo) 


ltTso/!TSI 
IRSO/!RSI 


Fault Currents — On-Hook 
Tip to Vce 
Ring to Vcc 
Tip to Ring 

Tip & Ring to Vcc 


se 


Analog Ground Current a 
Power Down Logic Levels IPDi 
VIH 
VIL 
Hook Status Output Current 1 luso 


(RL < 2.5 kO, PDI = Logic 1) 
(RL > 10 kA, or PDI = Logic 0) 
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FUNCTIONAL DESCRIPTION 


Referring to the functional block diagram, line-sensing 
resistors at TS! and RSI convert voltages at the Tip and 
Ring terminals into currents which are fed into current 
mirrors* Al and A2. The output of Al is mirrored by A3 
and summed together with an output of A2 at the TX ter- 
minal. Thus, a differential to single-ended conversion is 
performed from the ac line signals to the TX output. 

All the dc current at the TX output is fed back through 
the RX terminal to the B1 mirror input. The inputs to B1 
and B2 are made equal by mirroring the B1 input current 
to the B2 input through a low gain output (x1) of the B1 
mirror. Both B1 and B2 mirrors have high gain outputs 
(x95) which drive the subscriber lines with balanced cur- 
rents that are equal in amplitude and 180° out of phase. 
The feedback from the TX output, through the B-Circuit 
mirrors, to the subscriber line produces a dc feed resis- 
tance significantly less than the loop sensing resistors. 

In most line-interface systems, the actermination 
impedance is desired to be greater than the dc feed imped- 
ance. A differential ac generator on the subscriber loop 
would be terminated by the dc feed impedance if the total 
ac current at the TX output were returned to the B1 input 
along with the dc current. Instead, the MC3419 system 
diverts part of the ac current from the B-Circuit mirrors. 
This decreases the ac feedback current, causing the ac 
termination impedance at the line interface to be greater 
than the dc feed impedance. 

The ac current that is diverted from the B1 mirror input 
is coupled to a current-to-voltage converter circuit that 
has a low input impedance. This circuit consists of an op 
amp and a feedback resistor external to the MC3419 
which produce the transmit output at the 4-wire interface. 
The transhybrid transmission gain is programmed by the 
op amp feedback resistor. 

Transhybrid reception is realized by converting the ac 
coupled receive input voltage to a current through an 
external resistor at the low impedance RX terminal. This 
current is summed at RX with the dc and ac feedback cur- 
rent from the A-Circuit mirror and drives the B1 mirror 
input. The B-Circuit mirror outputs drive the line with 
balanced ac current proportional to the receive input 
voltage. The transhybrid reception gain is programmed by 
the resistor at the RX input. 

Since receive input signals are transmitted through the 
MC3419 to the 2-wire port, and the 2-wire port signals 
are returned to the 4-wire transmit output, a means of 
cancellation must be provided to maintain 4-wire signal 
separation (transhybrid rejection). Cancellation is compli- 
cated because the gain from the receive port to the trans- 
mit port depends on the impedance of the subscriber loop. 
A passive ‘‘balance network” is used to achieve trans- 
hybrid rejection by cancelling, at the low impedance input 
to the transmit.op amp, the current reflected by the loop 
impedance to the 4-wire transmit output. For a resistive 
loop impedance, a single resistor provides the cancel- 
lation. For reactive loops, the balance network should 
be reactive. 


Longitudinal (common-mode) currents that may be 
present on the subscriber lines are suppressed in the 
MC3419 by two methods. The first mode of suppression is 
inherent inthe mirror configuration. Positive-going longi- 
tudinal currents into Tip and Ring create common-mode 
voltages that cause a decreasing current through the Tip 
Sensing resistor and an increasing current through the 
Ring Sensing resistor. When these equal and opposite 
signal currents are reflected through the A-Circuit and 
summed together at TX, the total current at TX remains 
unchanged. Therefore, the ac currents due to the 
common-mode signals are cancelled before reaching the 
transmit output. 

The second longitudinal suppression method is dom!- 
nant, Since it limits the amplitude of common-mode 
voltages that appear at the Tip and Ring terminals. 
Through an error-detecting circuit, the input of whichis a 
difference current between outputs of Al and A2, the 
impedance at Tip and Ring to longitudinal currents is kept 
very low. This is accomplished with a high gain C-Circuit 
which produces B1 and B2 output currents that are equal 
and in phase to cancel the longitudinal line currents. 
Operation of this circuit does not affect the dc line-current 
or the processing of normal differential line signals. 

The hook-status control circuit supplies the bias cur- 
rents to activate the B-Circuit op amps and other sections 
of the MC3419. If the PDI pin is a logic ‘‘one’’, the control 
circuit senses two outputs from the Al and A2 mirrors. 
If both of these output currents are greater than the pre- 
programmed current at the HST terminal, the control 
circuit supplies currents to power up the SLIC. At the same 
time it activates a digital status output, HSO. 

In addition to the digital hook status output, the condi- 
tion of Tip and Ring can be monitored at the TSO and RSO 
outputs of the MC3419. These outputs source currents 
proportional tothe TSI and RSI input currents respectively, 
and operate independently of the PDI logic input. 

The MC3419 has two negative battery terminals. VEE 
supplies the high current through the B2 mirror to drive 
the line. B2 has a high output impedance and battery noise 
will not be coupled to the line from the Veg terminal. 
However, Vqp is quite sensitive to noise, since the line- 
sensing resistor is referenced to this pin through the A2 
mirror, and should be bypassed with a filter network to 
guarantee a high rejection of battery noise. 

The VAG input also plays a key role in reducing power- 
supply related noise that can occur when the MC3419 
system is coupled to a switching system. The analog 
ground isolates the 4-wire receive and transmit signal 
paths from noise on the system power ground by estab- 
lishing a common ac signal reference. 


*A current mirror is a circuit which behaves as a current 
controlled, current source. It has a single low-impedance 
input terminal and one or more highimpedance outputs. 
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FIGURE 1 — AC TEST CIRCUIT 
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FIGURE 2 — LONGITUDINAL BALANCE TEST CIRCUIT 
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FIGURE 3 — SUPPLY NOISE REJECTION TEST CIRCUIT 
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FIGURE 5 — QUIET BATTERY 
versus LOOP CURRENT 


igp. QUIET BATTERY CURRENT (mA) 


I,, LOOP CURRENT (mA) (See Figure 3) 


Ion. 60 Hz PEAK LONGITUDINAL CURRENT (mA) 
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APPLICATIONS INFORMATION 


The Motorola Subscriber Loop Interface Circuit (SLIC) 
is comprised of a bipolar laser-trimmed integrated cir- 
cuit, MC3419, twocomplimentary Darlington power 
transistors, MJE270 and 271, a bridge rectifier, MDA220, 
ten resistors, and five capacitors, as shown in Figure 7. 
The op amp providing the VTx output may be a separate 
component or may be one of the two op amps included in 
the MC14413 or MC14414 PCM filter packages. The 
circuit of Figure 7 will provide: 


Adjustable resistive dc power feed 

Adjustable maximum loop range 

Adjustable ac termination impedance 

2-wire balanced to 4-wire single ended conversion 

Adjustable transmit and receive gains 

Independent transhybrid null 

Ring-to-ground, Tip-to-ground, and Ring- and Tip-to- 
ground fault current limiting (2.5 mA) 

Rejection of longitudinal or common mode interference 
from dc to greater than 4.0 kHz 

1500 volt secondary lightning transient protection 

Temporary power-line fault protection 

On-hook power-down (less than 10 mW) 

Floating 4-wire common input for noise rejection 

Hook-status output signal 

Power-down control for subscriber service denial 

Continuous Tip and Ring status monitoring outputs 

Wide battery range (20 V to 56 V) 


In addition, the SLIC can provide the following optional 
features: 


Constant current battery feed 
Current limiting battery feed 
Battery noise suppression 
Adjustable frequency response 


DC Characteristics 


When the telephone is on-hook, the Tip and Ring ter- 
minals of the SLIC are essentially open and the MC3419 is 
in a quiescent state. In this condition, current is being 
supplied to the line only through Rr and RT and power 
dissipation in the MC3419 is limited primarily to leakage 
currents. 

In the off-hook state, the MC3419 powers itself up and 
provides current to the line. The off-hook dc feed resistance 
with which the SLIC drives the line is given by 


(RR + RT + 1200)|Vopli 


= 1 
BE 98 (| Vas! -4) a 


The values of Rp and R7{ can be derived from equation 
(1) to provide the desired dc feed resistance once VQgp 
is known. 


49 (|Vgpl -4) Re 


(2) 
lVaBl 


Rp =RT= 


ssn RE CEETAE AS EECCA TCL ST A CE SCLC CST TT IA CCC 
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FIGURE 7 — SLIC CIRCUIT 


-48 V 


The line-feed current flows between ground and V_g; FIGURE 9 — TRANSHYBRID REJECTION versus 
however, the control electronics is referenced to Vag and TIP/RING RESISTOR MISMATCH 
ground. Therefore, the dc feed resistance appears to be 
referenced to Vgg and ground. 

The matching of Rp and RT is critical to a number of ac 
performance parameters as shown in Figures 8, 9 and 10. 
One percent tolerance or better is recommended for these 
resistors. In addition, these resistors must withstand any 
voltage transients on the line. Resistors able to withstand 
voltage transients of 1000 V or more are recommended. 


FIGURE 8 — RETURN LOSS versus TIP/RING 
RESISTOR MISMATCH 
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en cena ie ill | mall reduced by either of two methods of current limiting. The 


dc feed resistance Rf is shown in equation (1) to be a 
function of Vgg as well as RT and Rp. The current lag 
from the Vop pin is proportional to loop current. There- 


ail 
Hindu ill fore, aresistor Rag placed between the Vag pin and Veg 


; iil supply will reduce the Vqp supply voltage as the loop 


RETURN LOSS (dB) 


=e 
== 
Ete 
a oe 
Baer 
ea 
=e 
Es 

am Eg 

=a 

== 


current increases. This slightly increases the value of Rr 
while at the same time reducing the éffective value of the 
battery voltage, thereby limiting loop current. Figure 11 


0.01 0.1 1.0 10 100 
Rp-Ry MISMATCH (%) 
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FIGURE 10 — IMPEDANCE BALANCE versus FIGURE 12 — LOOP CURRENT REGULATION 
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the desired maximum loop current. LOOP RESISTANCE (9) 


Figure 20 shows how a current regulator device can be 
used in place of Rqg to provide a constant current line- 
feed characteristic up to the loop resistance where the 
constant current equals the resistive feed current. At that FIGURE 14 — HOOK STATUS DETECTION 
point, the line-feed will appear resistive. Typical current 


regulator values for various loop currents are shown in are ie (ee 
Figure 12. The Motorola 1N5283 series of current (ares eanaeees Geer 
regulator diodes are recommended. The current sourced i ae ee 
to the current regulator diode in the off-hook mode is: pf} 
\Vosl -4 ea ies 
lop = 0.0285 I + 0.25 + ——_— 3 (a) faa aS eee 
H ea ee eee 
IL in mA, Ry in kQ Se cealle cd 
In the on-hook mode the current is: = pp 
log = 2.15 IRs| + 0.7 Its) $(b) i, 
as 


Figure 13 is a graph of SLIC power dissipation for both 
400 2 resistive battery feed and constant current battery 
feed, (or current limiting) showing the power savings of 
constant current techniques. Ry (k) 


er i tt — ———————ee 
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Either Rog or the current regulator diode and a capaci- 
tor to Vcc provide an effective means of filtering any 
noise on the Vek line and prevent it from reaching the 
VOB pin. 

The loop resistances which the SLIC recognizes as on- 
hook and off-hook are determined by Ry. 


Ri (On-Hook) > 0.17 Ry - (RR + RT) 4 (a) 


Ry (Off-Hook) < 0.011 RH - 0.010 (RR + RT) 4 (b) 


The value of Ry can be selected from Figure 14. All loop 
resistances below the shaded area at the point where Ry 
was selected are recognized as off-hook. All loop resis- 
tances above the shaded area at the value of Ry are 
recognized as on-hook. The shaded area represented an 
undefined region where the hook status output may indi- 
cate either on-hook or off-hook due to element tolerances 
and comparator hysteresis. 


FIGURE 15 — TRANSIENT VOLTAGE WAVE SHAPE 
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Transient Protection 


The SLIC shown in Figure 7 will withstand positive 
or negative voltage transients on Tip and Ring up to 
1500 Vpeak having the waveshape shown in Figure 15. 
The resistors Rpt, Rpr, Rt, and RR must be chosen to with- 
stand such a voltage transient without arcing across or 
failing due to the resulting current surge. The values of 
Rpt and Rpp should be between 30 and 501). Tolerance of 
20% is adequate. The values of Rt and Re are determined 
per equation (2). The peak currents at RS! and TSI should 
not exceed 200 mA during these transients. 

The circuit of Figure 7 will also withstand crosses to ac 
power lines of up to 700 Vas for 11 cycles of the 60 Hz 
line per REA Form 522a. The ability to withstand con- 
tinuous power-line crosses is determined mainly by the 
power handling ability of Rpt, Rpr, RT, and Rp. The cir- 
Cuit wiring to the MDA 220 diode bridge must be adequate 
to handle the large voltages and currents caused by 
transients, as well. 

None of the pins on the MC3419 should be operated 
more positive than Vcc or more negative than VEE. How- 


ever, under transient conditions, EP and BP may go up to 
one volt more positive than Vcc and BN, EN, and Vgg may 
go up to one volt more negative than VEE without perma- 
nent damage to the MC3419. When acapacitor is usedon 
the Vgp pininconjunction with Rap, a 1N4001 or similar 
diode is recommended between V_EE and Vo. The diode 
cathode should be connected to Vqg. For single short 
transients of less than one millisecond, EP and BP may 
exceed Vcc and EN and BN may exceed VEF by upto 30 V. 


Transmission Characteristics 
The ac termination impedance Ro of the SLIC is deter- 
mined by RT, Rp, and the ratio of RTx2 to RT x1. 
RT +RpR+ 1200 (5) 
om 1+97Ks5 
R 
eae ORE (6) 
RTX2 + RTX1 
The required value of Ks is derived from equation (5) after 
choosing Ro. 
ss le Pas BEE (7) 
97 Ro 


K5 = 


The value of RTx1 must be selected first to assure that the 
internal current mirrors in the MC3419 do not saturate at 
the minimum voltage provided at Vos. The value of RTx1 
is determined by: 


(RR + RT + 1200) (|VQBl min -| VAG! max ~- 6.5) 


R = 
is! IVaBl min - 5.4 (8) 


If current limiting or constant current-feed is used 
where the minimum value of VQgg may not be known, 
RTX1 is found by: 


0.01 IL(max)(RR + RT + 600) -| VAG] (max) - 3.9 


RTX1 = 
The value of RTx2 may be derived from equation (6). 
K5RTX1 
R = arias 10 
TX2 1-K5 (10) 


Transhybrid reception gain (GrRx) from Vprx to Tip and 
Ring is given by: 
95 RL Ro 


Geiger ee 
RX" (RL + Ro) RRX 


(11) 


The value of RRx may be calculated to provide the desired 
Grx for a given Ro and RL. 


95 Ri Ro 
(RL + Ro) GRX 
Transhybrid transmission gain (GT x) from Tip and Ring to 
VTxX is given by: 

1.02 Rytx (1-Ks5) 
GTX = Rey RT + 1200 


(13) 


The value of RyTx may be calculated to provide the 
desired GTx. 


(RR + RT + 1200) Gtx 
1.02 (1-K5) 


RvTx = (14) 
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Transhybrid rejection is achieved with the SLIC by taking 


advantage of the 180° phase reversal of the current at the. 


TX pin with respect to the Vpx input. A balance resistor, 

Rp, is placed between the V_x input and the virtual ground 

point between CTx and RTxX2. The value of this resistor is 

selected to exactly cancel out the return current from the 

TX pin and is determined by: 

Rrx(1 + 97K5) (Ro + RL) 
97(1-Ks5) (RL) 


Maximum rejection will only occur at one value of RL 
across Tip and Ring, as shown in Figure 16, for a given 
value of Rp. Figure 16 shows that more than one value of 
Rpg may be required to provide adequate rejection over 
wide ranges of loop resistance. 


1 
7 (15) 


FIGURE 16 — TRANSHYBRID REJECTION 
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Maximum rejection on a line that is reactive can be 
obtained with the circuit shown in Figure 17. This will 
balance any capacitive load on the line, where 


Rrx(RR + Rt + 1200) 


RB1 = 97 Ri (1-Ks) ee) 
re Rrx(RR + RT + 1200) re 
B2 97 Ro (1-Ks) 
RL CL 
Cp = (18) 
RB2 


Signaling and Supervision 


The PDI function shuts off all power to the subscriber 
with the exception of the small current provided by Rp and 
Rt. The power-down state occurs when a logic low-level, 
any voltage more negative than Vcc -4.0 V but not exceed- 
ing -20 V, is applied to the PDI pin. 

The PDI pin is designed to be TTL compatible if the logic 
power supplies are O V and -5.0 V. It is also compatible 
with CMOS powered from O V and -12 V supplies, other- 
wise a level-shifter is required. If the power-down feature 
is not desired, this pin can be tied to Vcc. 

Hook status is indicated by the presence or absence of 
current at the Hook Status Output (HSO). On-hook status 
is indicated by no current output at HSO. When an off- 
hook condition is detected by the MC3419, the HSO pin 
sources a dc current of at least 200 vA. A resistor can be 
used to translate the current into a voltage for further 


FIGURE 17 — BALANCE NETWORK FOR REACTIVE LINES 
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processing by the digital logic. This pin also passes dial 
pulse information. If the PDI pin is at a logic low level, HSO 
iS inactive. 

Figures 18 (a), 18 (b), and 18 (c) show suggestions for 
interfacing with various digital logic levels. 

The Tip Sense Output (TSO) and the Ring Sense Output 
(RSO) both source current that is proportional to the cur- 
rent that flows into and out of their respective inputs - the 
Tip Sense Input (TSI) and Ring Sense Input (RSI). The out- 
put currents are 1/6 that of the input currents. These 
outputs may be used as full time monitors of the line 
condition since they remain active even if the MC3419 is 
inthe power-down state. Figure 19 shows how these out- 
puts can be used for the ring-trip function and ring-fault 
indicator. 

Ringing is the last function to describe on Figure 19. 
There are several ways of inserting the ringing signals on 
a line, any one of which the SLIC can be adapted to. Figure 
19 shows one method. 

When the ringing relay is enabled, the ring side of the 
SLIC is disconnected. The tip side of the line is connected 
to a grounded resistor (RG 1) to provide a complete signal 
path for the ring generator signal. While the phone is on- 
hook, the ringing signal is capacitively coupled to the tip 
line through the high impedance of the bell ringer and a 
capacitor inthe phone. The dc currents are low and there- 
fore the dc voltage drop across RG] is low. When the sub- 
scriber goes off-hook, the impedance of the phone drops 
to a few hundred CQ of dc resistance and RG] gets a large 
dc current along with a large ac current. The sensing 
resistor (RT) will sense this change and the TSO output of 
the MC3419 will also reflect this change by an increased 
voltage drop on the RTs resistor. The capacitor (CTS) will 
filter the ac component of the signal. A comparator can 
now be used to determine the hook status and disable 
the ring relay. 


Design Example 


This example will illustrate the design procedure for a 
SLIC to meet the following specifications: 


VeEE=-48V+t60V 

VAG =-6.0V+1.0V 

400 .) resistive dc feed 

Current limiting at 60 mA 
Maximum loop resistance of 2500 2 
900 () ac termination resistance 
Transmit gain of 0 dB 

Receive gain of 0 dB 

Balanced for 600 1) line resistance 


The Vop supply will be derived from the -48 V Veg 
supply through a 1N5305 current regulator diode to pro- 
vide loop current limiting at 60 mA. The voltage drop 
across the 1N5305 is less than 2.0 V until it reaches regu- 
lation and may be ignored in the calculation of RT andRr. 
Cop is 10 uF at 60 V. From equation (2). 

49 (48-4) 400 


RTORG Se S000 


17367 O 


The closest standard value with +1.0% tolerance is 
17.4 kQ. 17.4 kO will be used in all the rest of the 
equations. 

The protection resistors (RpR and Rpt) should be 30 0 
to 50 1. For this example we will use 40 9 +20%. C7 and 
CR are stabilization capacitors whose values, including 
line capacity, should be a minimum of 2000 pF. 

Rc and C¢ are determined by (Rt + 600) Cy = Rc Cc. 
18 kO +5% and 2000 pF will be used for Rc and Cc. 

The value of Ry is determined from Figure 14. To guar- 
antee off-hook detection at the maximum loop resistance 
of 2500 M, Ry can be 261 kX +1%, which is a standard 
value. A270 kQ +5% resistor can be used if the on-hook 
resistance of the loop is specified larger than 14 kQ. 


FIGURE 18 — INTERFACE-TO-DIGITAL LOGIC 


(a) 
Interface-to-CMOS 
Using a Negative Supply 


(b) 


Interface-to-CMOS 
Using a Positive Supply 


(c) 
interface-to-TTL/LS 
Using +5.0 V for Vcc 
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To obtain the desired 900 () ac termination resistance 
(Ro), Ks is first calculated using equation (7). 


a a7| 17400 + 17400 + 1200 4] 
97 900 
= 0.402 
The value of RTx7 is calculated from equation (9) since 
Vos is supplied from a current regulator diode. 
(0.01) (0.06) (17400 + 17400 + 600) -7-3.9 
’ (0.01) (0.06) 


K5 


RTX1 


= 17233 0 
17233 0 is the largest value of RTx 1 that can be used. 


A 16.9 kX +1% resistor is the standard value selected. 
From equation (10), Ryx2 is now calculated. 

_ (0.402) (16900) 

(1-0.402) 

= 113619 
A11.3k0+1% resistor is selected. When selecting RTx2, 
select the nearest standard value lower than the calcu- 
lated value. This is because CTx adds a small impedance 
to the value of RTx2 and the virtual ground node (negative 
input to the current to voltage converter) will also add a 
slight amount of impedance to RTx2. The impedance of 
the virtual ground point is 


RvTXx 


n= aA 


where A is the open loop gain of the op amp. At 1.0 kHz, 
Zin will probably range from 50 © to 100 2. The CTx 
capacitor, 1.0 uF (50 V) adds a reactance of 160 {9 to the 
value of RTx2 so the total impedance is: 


(11300 + 75)2 + (160)2 = 113760 


With the nominal values selected for Rtx1, RTX2, CTx 
and Zjn, K5 nominal value is 0.4007 and Rg nominal value 
is 903 0. 


Transhybrid reception gain (Gp x) is set to O dB (voltage 
gain of one) by calculating RRx using equation (12). A 
nominal line resistance (Ri) of 900 N will be assumed. 

_ (95) (900) (903) 
(900 + 903) (1) 
= 42821 9 
A 43.2 kN +1% resistor should be used for Rrx. Use a 
1.0 uF 20 V capacitor for Crx. 

Transhybrid transmission gain (GTx) is set for unity 
gain by calculating Rytx, using equation (13). 

_ (17400 + 17400 + 1200) (1) 
(1-0.4007) 

= 60070 2 

A 60.4 kn. +1% resistor should be used for RyTx. 

The balance resistor (Rg) is selected to maximize trans- 
hybrid rejection with Ry of 600 M using equation (15). 

_ 43200 [1 + 97 (0.4007)] (903 + 600) 
97 (1-0.4007) (600) 
= 742160 
A 75 kQ +1% resistor would be selected. 

The digital Hook Status Output resistor (R}s) is deter- 
mined from a consideration of the type of logic with which 
the output must interface and the power supply voltages 


of that logic. Assuming CMOS at Vpp=O0V andVss=12V, 
then 


RRx 


RyvTx 


Rg 


VSS 


RHS = hs 


12 V 
200 pA 
= 60 kO 
A 62 kQ. +5% resistor is suitable. 

The complete SLIC design is shown in Figure 20, along 
with the codec, filter, time-slot assigner/channel control- 
ler, and reference voltage needed for a complete line 
circuit. 
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Note: Ring Relay is shown in energized position 


FIGURE 19 — RING INSERTION 
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FIGURE 20 — LINE CIRCUIT USING SLIC, FILTER, 
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(AA) MOTOROLA 


TELEPHONE LINE-FEED CIRCUIT 


... designed as the heart of a circuit to provide BORSHT functions 
for telephone service in Central Office, PABX, and Subscriber Car- 
rier equipment. This circuit provides dc power for the telephone 
(Battery), Overvoltage protection, Supervision features such as 
hook status and dial pulsing, two-wire differential to four-wire 
single-ended conversions and suppression of longitudinal signals 
at the two-wire input (Hybrid), and facilitates ringing insertion, 
Ring trip detection and Testing. 

Totally Upward Compatible with the MC3419 

All Key Parameters Externally Programmable 

Current Sensing Outputs Monitor Status of Both Tip and Ring 

Leads for Auxiliary Functions such as: Ground Key, Ring Trip, 

Message Waiting Lamp, etc. 

On-Hook Power Below 5.0 mW 

Digital Hook Status Output 

Powerdown Input 

Ground Fault Protection 

Operates from Single —20 V to — 56 V Power Source 

Size and Weight Reduction Over Conventional Approaches 


The sale of this product is licensed under Patent No. 4,004,109. 
All royalties related to this patent are included in the unit price. 


FUNCTIONAL BLOCK DIAGRAM 
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MC3419C-1L 


SUBSCRIBER LOOP 
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(SLIC) 


BIPOLAR LASER-TRIMMED 
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MAXIMUM RATINGS (Voltages Referenced to Vcc.) 


[ating TSymbot_— | Value | Unit 


Voltage VEE —60 Vdc 
VOB Vee -1.0V 
Powerdown Input Voltage aenge VPDI +15 to -15 | de | 


Sense Current 
Steady State 
Pulse — Figure 4 


Storage Temperature Range —65 to + 150 a 
Operating Junction Temperature 
(05a = 100°C/W Typ) 
ce —— ease ae a 
Operating Ambient 0to +70 “C 
Temperature Range 
omnes 10 to 120 


Voltage VEE —20 to —56 Vdc 
VoB —20 to VEE 


Analog Ground 
(IL = 0 to 60 mA) Oto —12 
(IL = 0 to 120 mA) —2.5 to —12 


Supervisory Output Voltage Verso. VTSO -—2.0 to — 
Compliance Range 
Hook Status Output VHso 
[Loop Resistance SST SCRL_—*| to 2800 


TRANSMISSION CHARACTERISTICS (R, = 600 2 unless otherwise noted.) 
Characteristic 


PIN CONNECTIONS 


Transmit and Receive Gain Variation 
(Insertion Loss) 
(1.0 kHz @ 0 dBm Input) 
MC3419-1 
MC3419A-1 
MC3419C-1 


Transhybrid Rejection 
(Input — 1 kHz @ 0 dBm) 
Fixed (1%) Resistor Balance Network 
MC3419-1, MC3419C-1 
MC3419A-1 
Trimmed Balance Network All Types 


Level Linearity (— 48 to +3.0 dBm, referenced to 
0 dBm @ 1 kHz) 
Transmission 
Reception 


Frequency Response (200-3400 Hz referenced to 
1.0 kHz @ 0 dBm) 

Transmission 

Reception 


Total Distortion @ 1.0 kHz, 0 dem 
(C-Message Filtered) 
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TRANSMISSION CHARACTERISTICS (continued) (RL = 600 © unless otherwise noted.) 
[Figure| Symbol |_Min_| Typ | Max | Unit | 


Characteristic 
1 


Idle Channel Noise (Vax = 0 V) 
MC3419-1, MC3419A-1 


MC3419C-1 
Return Loss (referenced to 600 ohms) @ 1.0 kHz, 


0 dBm 
MC3419A-1 
MC3419-1, MC3419C-1 


Longitudinal Induction (60 Hz) 
(ILON = 35 mA RMS) 
VTX/VLON, 
VL/VLON 


Longitudinal Balance | 
MC3419-1 (200-3000 Hz) 


MC3419A-1 (200-1000 Hz) 
MC3419A-1 (3000 Hz) 
MC3419C-1 (200-3000 Hz) 


Propagation Delay Tp, VRx to VL 
Vrx to ITx 


Supply Current —- On-Hook 
(VEE = Vap = 56 V, RL > 100 MQ) 


MC3419-1, MC3419A-1 
MC3419C-1 
On-Hook Power Dissipation 


(RL > 100 MQ) 
MC3419-1, MC3419A-1 


MC3419C-1 


Power Supply Noise Rejection 


(1.0 kHz @ 1.0 Vams) 
MC3419-1, MC3419A-1 


MC3419C-1 


ITso'TsI 


Sense Current 
IRSO’RSI 


Tip 
Ring 
Fault Currents 
Tip to Vcc 
Ring to Vcc 
Tip to Ring 
Tip and Ring to Vcc 
Analog Ground Current 


Powerdown Logic Levels 


Hook Status Output Current 
(RL < 2.5 kQ, Vyso = +0.4 Vdc) 
VHSO = —0.4 Vdc) 


— (RL > 10 kO, Vaso = +12 Vde) 
VHSO = —12 Vdc) 
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FIGURE 1 — AC TEST CIRCUIT 
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ia 28.5 k Vry 
90.09 k 
16 4 


| 51.46 k 1 OuF 


=< !Hso (+) 
lHSO (—) > 


232 k 


-48V 


(Tip & Ring) AC Termination Impedance, Ro = 600 2 Transmit and Receive Gain = 0 dB 
DC Feed Resistance, RF = 400 0 A1 = MC1741N or Equivalent 


FIGURE 2 — LONGITUDINAL BALANCE TEST CIRCUIT 
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(Tip & Ring) AC Termination Impedance, Ro = 600 0 Transmit and Receive Gain = 0 dB 
DC Feed Resistance, Re = 400 2 Ai = MC1741N or Equivalent 
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FIGURE 3 — SUPPLY NOISE REJECTION TEST CIRCUIT 
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(Tip & Ring) AC Termination Impedance, Ro = 600 0 Transmit and Receive Gain = 0 dB 
DC Feed Resistance, Re = 400 0 A1 = MC1741N or Equivalent 


FIGURE 4 — TSO AND RSO SUPERVISORY OUTPUT TEST CIRCUIT 
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PIN DESCRIPTIONS 


[Pin [Name 
4 LM The positive supply voltage. This point is ground in typical applications. 


Loop current sensing inputs. These are connected to the emitters of the PNP and NPN Darlington 
transistors. They are tied through 10 © resistors to Vcc and V_ErF, respectively. The maximum 
continuous current through these inputs is 240 mA. 


3,7 BP & BN Base drive outputs. These pins drive the bases of the PNP and NPN transistors and are able to sink 
or source, respectively, up to 5.0 mA. 
TSI & RSI Tip and Ring voltage Sensing Inputs. They are low impedance inputs (approximately 600 2 each 
i.e., 400 O + 3 diodes) that translate the voltages on Tip and Ring to a current through resistors 
RT and Rp. TSI is referenced to Vcc and RSI is referenced to Vqp. These pins have 6.0 V zener 
diodes (to their respective reference) for protection against overvoltage line surges. 
faa 
VEE 
than 4.0 ms without significant degradation of performance. Most of the loop current and bias 
currents flow through this pin. 
VoB Quiet Battery Voltage reference. This is the voltage reference for the RSI pin. Its voltage must not 
go more negative than Veg. The current through this pin, while powered up, is proportional to 
the loop current, allowing it to be used for loop current limiting. The voltage on this pin, less 4 
volts, is the “effective battery feed voltage for the 2-wire lines even though most of the power 
comes from the VEE supply. 
11 HST Hook Status Threshold programming resistor input. Ry determines the value of loop resistance at 
which on-hook and off-hook status is switched. 
Ring Sense current Output. This output reflects the voltage status of the Ring terminal for voltages 
more positive than Vgg. The current is sourced from this output, it is one-sixth IRs), its voltage 
range is 0 to — 20 V and its saturation voltage is approximately — 2.0 V. 
TSO Tip Sense current Output. This output reflects the voltage status of the Tip terminal for voltages 
more negative than Vcc. The current is sourced from this output, it is one-sixth ITs), its voltage 
range is 0 V to —20 V and its saturation voltage is approximately — 2.0 V. 


HSO/HSO Hook Status Output. This is a digital output that reflects the condition of the loop resistance. If loop 
resistance is less than a predetermined value established by Ry, usually R, < 2.5 kQ, the HSO 
pin will be active, i.e., with positive voltage logic (a resistor tied from a +5.0 V or +12 V supply 
to HSO), this pin will sink current to Vcc (VHso = 0 V); with negative voltage logic (a resistor 
tied from a —12 V supply to HSO), this pin will source current from Vcc (VHSoO = 0 V). If loop 


Compensation Capacitor pin. This pin is used to stabilize the longitudinal or common mode 
circuitry. 


Negative supply voltage. This pin ties to the chip substrate. Its operating voltage range is —20 V to 
~ 56 V. It can withstand — 60 V without damage and can sustain a voltage surge to — 75 V for less 


resistance is greater than a predetermined value again established by the same resistor Ry, 
usually Ry > 10 kQ, the HSO pin is inactive, i.e., VSO = logic supply voltage. 


Powerdown Input pin. This pin is used to deny service to the subscriber. A logic level “O” (Vi, < 
— 4.0 V) powers down the MC3419-1 except for HSO, TSO and RSO. The voltage range of this 
high impedance input pin is +15 V. 


temperature range). This pin is only active during the off-hook power-up condition. 


17 RXI| Receive Input. This input sums ac currents from TXO and the receive voltage input (Vpx) and 
sources all the dc current to TXO. It has a low input impedance (15 2) typically biased 4.5 V 
below the Vac pin voltage during: off-hook power-up conditions. During powerdown conditions, 
the voltages on RXI and TXO can drift up to Vag. 


8 VAG Analog Ground Voltage reference input. The input impedance of this pin is much greater than 1.0 MQ. 
It should be ac coupled to system ground and could be direct coupled if system ground is 
between 0 V and —12 V. AC coupling requires 300 kM. to Vcc and 0.1 uF to system ground. If 
Vcc and system ground are common, tie VaG directly to Vcc. If de loop currents are allowed to 
go higher than 60 mA, Vac should be biased from — 2.5 V to — 12 V to avoid problems at high 
ambient temperatures. 


TXO Transmit current Output. This output sinks current to Vqg and is proportional to Its| + IRs} by a 
ratio of K1 where: K1 = 1.02. Its saturation voltage is Vgp + 2.5 V typ. (+3.5 V over the 
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FUNCTIONAL DESCRIPTION 


Referring to the functional block diagram on page 1, 
line sensing resistors (RR and Rt) at the TSI and RSI 
pins convert voltages at the Tip and Ring terminals into 
currents which are fed into current mirrors* A1 and A2. 
An output of A1 is mirrored by A3 and summed together 
with an output of A2 at the TXO terminal. Thus, a dif- 
ferential to single-ended conversion is performed from 
the ac line signals to the TXO output. 

All the dc current at the TXO output is fed back 
through the RXI terminals to the B1 mirror input. The 
inputs to B1 and B2 are made equal by mirroring the 
B1 input current to the B2 input through a unity gain 
output of the B1 mirror. Both B1 and B2 mirrors have 
high gain outputs (x95) which drive the subscriber lines 
with balanced currents that are equal in amplitude and 
180° out of phase. The feedback from the TXO output, 
through the B-Circuit mirrors, to the subscriber line 
produces a dc feed resistance significantly less, but 
proportional to the loop sensing resistors. 

In most line-interface systems, the ac termination 
impedance is desired to be greater than the dc feed 
impedance. A differential ac generator on the subscriber 
loop would be terminated by the dc feed impedance if 
the total ac current at the TXO output were returned to 
the B1 input along with the dc current. Instead, the 
MC3419-1 system diverts part of the ac current from the 
B-Circuit mirrors. This decreases the ac feedback cur- 
rent, causing the ac termination impedance at the line 
interface to be greater than the dc feed impedance. 

The ac current that is diverted from the B1 mirror 
input is coupled to a current-to-voltage converter circuit 
that has a low input impedance. This circuit consists of 
an op amp (external to the MC3419-1) and a feedback 
resistor which produces the transmit output voltage 
(VTx) at the 4-wire interface. Transmission gain is pro- 
grammed by the op amp feedback resistor (RyTx). 

Reception gain is realized by converting the ac cou- 
pled receive input voltage (Vpx) to a current through 
an external resistor (RRx) at the low impedance RX! 
terminal. This current is summed at RXI with the dc and 
ac feedback current from the A-Circuit mirrors and 
drives the B1 mirror input. The B-Circuit mirror outputs 
drive the 2-wire port with balanced ac current propor- 
tional to the receive input voltage. Reception gain is 
programmed by the Rr x resistor. 

Since receive input signals are transmitted through 
the MC3419-1 to the 2-wire port, and the 2-wire port 
signals are returned to the 4-wire transmit output, a 
means of cancellation must be provided to maintain 
4-wire signal separation (transhybrid rejection). Can- 
cellation is complicated because the gain from the re- 
ceive port to the transmit port depends on the impedance 


*A current mirror is a circuit which behaves as a current controlled 
current source. It has a single low-impedance input terminal with re- 
spect to a reference point and one or more high impedance outputs. 


of the subscriber loop. A passive ‘‘balance network’”’ is 
used to achieve transhybrid rejection by cancelling, at 
the low impedance input to the transmit op amp, the 
current reflected by the loop impedance to the 4-wire 
transmit output. For a resistive loop impedance, a single 
resistor provides the cancellation. For reactive loops, 
the balance network should be reactive. 

Longitudinal (common-mode) currents that may be 
present on the subscriber lines are suppressed in the 
MC3419-1 by two methods. The first is inherent in the 
mirror configuration. Positive-going longitudinal cur- 
rents into Tip and Ring create common-mode voltages 
that cause a decreasing current through the Tip Sensing 
resistor and an increasing current through the Ring 
Sensing resistor. When these equal and opposite signal 
currents are reflected through the A-Circuit mirrors and 
summed together at TXO, the total current at TXO re- 
mains unchanged. Therefore, the ac currents due to the 
common-mode signal are cancelled before reaching the 
transmit output. 

The second longitudinal suppression method is more 
dominant, since it limits the amplitude of common- 
mode voltages that appear at the Tip and Ring terminals. 

A common-mode suppression circuit detects com- 
mon-mode inputs and drives the loop with balanced 
currents to reduce the input amplitude. Subtracting cur- 
rents from outputs of the Al and A2 mirrors produces 
a signal current at the CC terminal in response to the 
common-mode voltage at Tip and Ring. A transcon- 
ductance amplifier (C-Circuit) generates a current pro- 
portional to the CC terminal voltage which is summed 
with the current from the RXI terminal at the inputs of 
current mirrors B1 and B2. The weighting and polarity 
of the summing networks produce common-mode B1 
and B2 mirror output currents at the 2-wire port. The 
common-mode input impedance is inversely propor- 
tional to the gain of the longitudinal suppression circuit. 
Rc and Cc compensate the common-mode feedback 
loop. At 60 Hz with typical component values, the 2-wire 
common-mode impedance is less than 5 1. 

The longitudinal suppression circuit output currents 
are generated by modulating dc current fed to the loop 
by the B1 and B2 current mirrors. This configuration 
avoids the increased power dissipation attributed to 
current mode loop drive because dc and longitudinal 
currents are not cumulatively sourced to the loop. 
However, driving common-mode currents through the 
B-circuit current mirrors in this manner limits the long- 
itudinal suppression capability. The suppression circuit 
is unable to reverse 2-wire current polarities to maintain 
a low-impedance termination when longitudinal cur- 
rents exceed the dc loop current. At low dc loop cur- 
rents, the common-mode signal capability, known as 
longitudinal capacity, is limited by the loop current (Fig- 
ure 6). At high-loop currents, longitudinal capacity is 
limited by the maximum voltage swing of the CC ter- 
minal and is therefore independent of dc loop current. 
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FIGURE 7 — BASIC SLIC CIRCUIT 


MDA220 


The hook status control circuit supplies the bias cur- 
rents to activate the B-Circuit op amps and other sec- 
tions of the MC3419-1. To activate the bias currents, the 
control circuit compares the current through the sense 
resistors, RR and Rt, and the load resistance R, with 
the current through the hook status threshold program- 
ming resistor, Ry, by using outputs from both A1 and 
A2 mirrors. The A1 mirror output sources current to the 
Ry resistor. (This reduces all internal currents to near 
zero during the on-hook state in order to eliminate un- 
necessary power consumption.) If this current is large 
enough the voltage on the HST pin will trip an internal 
comparator, then another circuit compares the current 
from the A1 output with that of an A2 output. These 
currents must match within + 15%. If so, HSO will be 
activated and the bias circuits will turn on provided the 
voltage on PDI is greater than — 1.2 V. The HSO pin can 
have either a pull-up resistor or a pull-down resistor 
and when activated it will switch to Vcc (0 volts). 

Once the MC3419-1 is powered up, a circuit with a 
gain of 20 feeds current to the Ry resistor in order to 
keep the bias circuitry active. (The sense resistors are 
paralleled with the Darlington transistors which reduces 
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the sense input currents.) Should the sense input cur- 
rents drop below one-twentieth of the required power- 
up current, the bias currents will be removed, forcing 
a power-down condition. 

Current mode analog signal processing is critically 
dependent on voltage to current conversion at the 
2-wire and 4-wire inputs. Precise, low-noise voltage 
sensing through resistors Rt, RR and Rrx requires 
quiet, low impedance terminations at terminals TSI, RSI 
and RXI respectively. For 2-wire signals, terminal Vop 
isolates the loop-sensing resistors and current mirrors 
from noise at the high-current Veg terminal. External 
filtering from Vcc to Vog (“quiet battery” terminal) 
ensures loop voltages are sensed without interference 
from system supply noise. Veg noise rejection at audio 
frequencies is typically 60 dB or greater. 

Receive input terminal RXI is referenced to the Vac 
terminal which references the 4-wire input to the 
“analog ground” of the 4-wire signal source, thus isolat- 
ing the input from power ground voltage transients. 
This isolation offers 70 dB of noise rejection at audio 
frequencies. 


SYSTEM EQUATIONS 


K1 — The current gain from Its} + IRs} to TXO only 
during an off-hook power-up condition. K1 = 1.02 + 
1%. 

K2 — The current gain from RXI to the collectors of the 
off-chip Darlington transistors only during an off-hook 
power-up condition. K2 = 95 + 1%. 


For simplicity, the following equations do not use K1 
or K2. Instead the actual numerical value is used, for 
instance (1 + K1K2) = 1 + 1.02 x 95 = 97.9 is approx- 
imately 98. 


R, — Loop resistance. This is a load resistance from Tip 
to Ring and can be either ac or dc depending on context. 


ht ra Ss SSS TS 
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LOOP CURRENT REGULATIONS 


FIGURE 8(a) 


FIGURE 8(b) 
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SYSTEM EQUATIONS (continued) 


Zi — Loop impedance. This is used only to connote a 
complex impedance loading on Tip and Ring. 


| — Loop current. The dc current flow through R_. 


Rr — Dc feed resistance. The synthesized resistance 
from which battery (Vcc and Veg) current is fed to R;. 
The battery feed resistance is balanced differential feed. 
See Figure 7. (This assumes Vgp = V_eg.) The first order 
equation is: 

_ RR + Ret + 1200 0 
a 98 
Because of the diode voltage drops on TSI and RSI, the 


actual dc feed resistance is higher. The second order 
equation is: 


Re (1) 


_ Vopl(98 RL + RR + Rt + 12000) | 


98 (Vogl —4.0 V) RL) 


Re 


ignoring the effects of Ry, 


— \VoshRR + Rr + 1200 ) 


i 98 (\Vgpl —4.0 V) 


(3) 


So: 
_ 49RF (Vaal —4.0 V) | 


Vapi 
The minimum value for Rp and Rz is 5.0 kQ. 


The first order value of Re can not be greater than the 
desired value of the termination impedance (usually 
600 © or 900 22). To achieve dc feed resistances that are 
greater, a resistor can be placed between Vop and Ver 
along with a filter capacitor Cgp which restores the 
desired termination impedance and filters power supply 
noise. A diode should also be placed between Vop and 
Veg to prevent damage in case a catastrophic power 
supply failure occurs. 


Rr = RT 600 (4) 
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lyop — This is the current that is sourced from the Vgg 
pin and is proportional to the currents into and out of 
RSI and TSI. When the SLIC is in the off-hook power-up 
mode, lyqg is also proportional to I,. 


lvOB = 2.15 IRS} + 0.7 ITS} (5) 
lvoB = 0.029 I, (6) 


RFQ — Dec feed resistance. The synthesized resistance 
from which battery current is fed to R;, see Figure 8. 
(This assumes Vop is tied to Veg through a resistor 
Ros.) Rap synthesizes additional dc feed resistance to 
the R—e value previously stated. 


When using Rog, the dc feed is effectively balance fed 
from Vcc and Va p instead of Veg. The sense resistors 
(Rp and Ry) should be selected to make Reg (first order) 
less than the termination impedance. 


MEE USE se RBS A 1200 2 OB) 


REO = = 
FO 98(\VeEl —4.0 V) RL 
(7) 
Ignoring R_,, this simplifies to: 
_ \Vegl(RR + RT + 1200 + 2.85RQB) 
RFa = 98(\VEE| — 4.0 V) 2 
Therefore: . 
spats 98RFO(\VEE| — 4.0 V) — |VeE\(RR + Rt + 1200 Q) 
aes 2.85|VeE| 
(9) 
Cap — Power supply noise filter capacitor. 
2.85 R + RR + R7 + 12000 
Cop = QB = RAT (10) 


2nf Rog (RR + RT + 1200 2) 


Figure 9B shows Ro z replaced with a current regulating 
device such as Motorola's 1N5283 family. 


ICcROB — The current that is sourced to a current reg- 
ulating device from the Vgp pin. When this current 
reaches the regulated value, the voltage differential be- 
tween Ver and Vo increases causing the effective bat- 
tery voltage to decrease which limits |, to a maximum 
value as determined below: 


IL = 34.5 lcroB (11) 


The graph, Figure 9B, shows loop current versus loop 
resistance using several values of IcRQB. The closest 
current regulating diode part number to that value is 
also shown. A typical value for Cqp in this case is 10 
pF, 60 Vdc. 

Figure 10 shows how power can be conserved on 
the shorter loop lengths by utilizing current limiting 
techniques. 

Overvoltage protection on the 2-wire port is achieved 
with the MDA220 diode bridge and the protection re- 
sistors RpR and Rpt. Whenever the voltage on the 
2-wire port exceeds the power supply rails (Vcc and 
Veg), the MDA220 diodes will forward bias and “clamp” 
to the rail voltage. The current is limited by the protec- 


FIGURE 10 — TOTAL SLIC POWER DISSIPATION 
versus LOOP RESISTANCE 
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tion resistors. These resistors should be as large in value 
as possible. However, if they are too large, they will 
interfere with the performance of the SLIC under worst 
case conditions. 


Rpt < R7/196 — 15 (12) 


Using the voltage of Vgp when I; is at its minimum off- 
hook value (Typ. 20 mA): 


Rpr < Rp/196 + 25\VeeE — Vapi —15 (13) 


The tolerance of these resistors is not critical due to 
placement inside a closed loop. Positive temperature 
co-efficient resistors (PTC) may be considered here. 
Consult resistor manufacturers for component selec- 
tions that will meet the surge current and peak voltage 
requirements. 

Because the MC3419-1 is a broadband device it re- 
quires compensation components to keep its circuits 
stable. 


Cr & Cr — Compensates the longitudinal gain of the 
A and the B circuit mirrors. Their values range from 
2000 pF to 5000 pF. 


Rc & Cc — Compensates the longitudinal “C” circuitry. 
Their values can be ratioed according to: 


Rc x Cc = RT x Cr. (14) 


Two off-chip power Darlington transistors are used 
with the MC3419-1. These transistors reduce any tem- 
perature gradiant problems with the precision matched 
devices on-chip and they alleviate thermal stress con- 
ditions that could occur for every on-hook and off-hook 
transition. The power dissipation in these devices is: 


Pot = I.2(R7/98 — Rpt — 4) + (2.0 V)IL (15) 
(16) 
\VeEl/REQ or I_(max) in current limited 


Por = IL [Veg] — 2 — IL(R7/98 + R_ + RpR + 16)! 


where |, = 
designs. 


eee itt 
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SYSTEM EQUATIONS (continued) 


Ry — The resistor that determines the hook status 
threshold values of R; . Ry is selected from a graph of 
the following two equations: 


Off-hook threshold 


Ry = 6(RL + RR + Rt) (17) 
On-hook threshold 
RH = 27.25 [RL + 0.01(RR + Rq)] (18) 


FIGURE 11 — HOOK STATUS DETECTION 
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Figure 11 shows such a graph using 17.4 kQ. as the 
values for Rr and Rt. Note the oscillatory condition to 
the right of the crossing point. Selection of Ry in this 
region is usually not a problem since the majority of 
telephone lines do not fall into this resistance range. Ry 
always ties to Vgp and HST and will give reliable hook 
status information regardless of power supply voltages 
and PDI. 


Ro — Termination impedance of the 2-wire port. This 
impedance is greater than the dc feed resistance Rr 
because of a current splitting network in the feedback 
loop, Rtx4 and Rj x92. 

K3 — Aconstant, formed by Rtx 1 and Rt x2, between 
0 and 1, which determines the ratio of the first order 
value of Rp to Ro. 


_ RR + Rp + 12000 


Ro 1 + 97K3 ne) 
So: 
_ RR + RT + 12000 — Ro 
K3 = 97RoO (20) 
and 
+7; 
K3 __Rrx2 t+ Zin (21) 


~ Rtx1 + RTX2 + Zin 


Zin — The input impedance of the current to voltage 
converter op amp. This impedance is usually negligible, 
it can be used to sway the selection of a 1% component 
value. 


_ (RR + Rt + 12000) Gtx _ Rytx 
7 1020 (1 — K3) ~ 1000 
RtTx 1 — Feeds most of the TXO dc current to the RX! 


pin. To keep TXO from saturation the maximum value 
of RTx7 is as follows: 


Zin (22) 


Bee se (RR + Rt + 1200 Q) (|\Vapimin —- |\Vaglmax — 6.5 V) 
TX1 \Vopimin — 5.4V 
(23) 


Where: 


(RR + Rt + 1200 Q) (\VeE|min — 4) 


\Vagimin = (RR + Rt + 12000 + 2.8Rop) 


(24) 
or if a current regulator diode is used: 


0.01 I_L(max) (RR + Rr + 600 9) — |Vagimax — 3.9 V 
0.01 |, (max) (25) 


It is beneficial to make Rt, as large as possible. Typical 
values range from 15 k to 24 kf. 


RTX1< 


_ KSRTx1 _s. 
RTx2 = Tok Zin (26) 
RR + Rt + 12000 
Cry = RL the result is in uF. (27) 


7RTX2 


Gtx — The voltage gain from the 2-wire port to VTx 
which is adjustable by Rytx. 


_ 1.02 (1 — K3) RyTx 

~ RR + RT + 12000 

Gtx(RR + RT + 1200 0) 
1.02 (1 — K3) 


Grx — The voltage gain from the Vpx input to the 2- 
wire port which is adjustable by Rrx. 


—95 Ry (RR + Re + 1200 O) 


Gtx (28) 


RVTX = (29) 


GRX = RaxiihR + RT + 1200M + RT +o7Ka) 
Grx = Rather BO) (31) 

RRX = RATT (32) 

CRx > se 7 (33) 


Where f is the minimum passband frequency, usually 
200 Hz. 


Transhybrid Rejection — The voltage gain from Vp x to 
V7x. It is expressed in dB, the number should be neg- 
ative and the larger the value the better. Transhybrid 
rejection is achieved by summing a current from the 
Vrx input (Rg) with the TXO current that flows to the 
current to voltage converter. Rg balances a resistive 
load, R,. 


_ Rrx(1 + 97K3) (Ro + RL) 


NE 97R,, (1—K3) 


anne ee STS SoS SSS hss Pssst ps pS SSS SSS SS SSS 
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FIGURE 12 — BALANCE NETWORK FOR CAPACITIVE LINES 


Rrx CRXx 
_-————————_—{_] vrx 
| |Vac 
Rb 
C 
B RyvTX 
RTX1 Rp2 


Rrx CRX 
: |_| Vax 
| | Vac 
- 
| 
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RIX2 Cry | > Pia 


To scale Z}, to its maximum values 
Rrx (1 + 97K3) 


Rb1 = Rp2 = 35 
De eee 9a: (ie RS) = 
=o Bi, 
Zb = IRQ tt (36) 
When the 2-wire port has a parallel R and C load, then ances using component values that are equal to the 
(see Figure 12): load values (see Figure 13) then: 
ee Rrx(RR + Rt + 1200 0) (37) Rpi = fax 
bi = Q7R (1 — K3) 
Rrx(1 + 97K3) |“ RoRRx(1 + 97K3) (40) 
rn» — RAXIRR + Rr + 1200 0) 194(1 — K3) 97(1 — K3) 
b2 = (38) 
97RQ(1 — K3) 
Rn» = BRX( + 97K3) (41) 
RLCL b2 ~ “971 — K3) 
Ch = Hea (39) 
b2 Zp = ZL (42) 
When it is desirable to balance complex load imped- Rp1 and Rpg values are interchangeable. 


a 
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SYSTEM EQUATIONS (continued) 


The Tip and Ring Sense Output currents are propor- Figure 15 is an application circuit showing solid state 
tional to the currents out of and into TSI and RSI, ringing insertion using an MOC3030 zero-crossing de- 
respectively. ITSI tector optocoupled triac to replace the conventional 

ITSO =~ (43) electromechanical relay. This device inserts the ringing 

signal on a zero voltage crossing which eliminates noise 

IRSO = IRSI (44) in adjacent cable pairs and removes the signal on a zero 

6 current crossing which eliminates inductive voltage 

_ Tip — Vcc] —2.0 V spikes that commonly destroy relay contacts. The ring- 

ITSO = (Rt + 600 Q) for VTip<Vec (48) ing generator provides a continuous 40 V to 120 V RMS 
Rina - Vop| —2.0 V signal from 15 to 66 Hz superimposed upon 

IRso = hina — QB! — * ™ for VRing > VaB_ (46) —48 Vdc. Ringing cadencing is inserted with the Ring 
anne ery x Enable Input. The 2N6558 and MPSA42 replace the 

Digital interfacing to the MC3419-1 PDI pin and the MJE270 for systems that use ringing generator voltages 
HSO pin is shown in Figures 14a, 14b and 14c. If the PDI greater than 70 Vranas. The MDA220 diode bridge is 
pin is not used it should be terminated to Vcc and if replaced with a series 1N4007 on the Tip lead and a 
HSO is not used, it can be left open. shunting 1N4004 to Veg and to allow ringing voltage 


FIGURE 14 — INTERFACE-TO-DIGITAL LOGIC 
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SYSTEM EQUATIONS (continued) 


on the Ring lead to exceed the power supply voltages, 
a 1N4007 and an MK1V-135 (Sidac) are used for pro- 
tection. The forward voltage drop across the 1N4007, 
during normal operation, will not affect the parametric 
characteristics of the MC3419-1 since it is “inside” a 
feedback circuit. If the MJE270 is used, the MK1V-135 
should be replaced with a lower voltage Sidac or 
MoSorb transient suppressor. 
An optocoupled transistor circuit is used for ring trip 
detection on long lines. It samples only the ac and dc 
ringing signal current and uses a simple one pole filter 
to eliminate the low level ac signal. Under worst case 
conditions this circuit will ring trip in 17/2 to 4 cycles. In 
systems serving only short loops (<700 0), if Rg 1 and 
RG are 620 (2 or greater, the optotransistor circuit is 
not needed, the Hook Status Output will perform ring 
trip on a Zero Crossing. The Ring Enable input and the 


Hook Status Output interface with standard CMOS and 
TTL logic. 


The op amp in this circuit is an integral part of the 
following codecs, filters or combos: 


MC3417/8 — MC145414 
MC14404/6/7 — MC14413/4 
MC14401/2/3/5 


For further applications information such as: 


24 volt PBX circuit 

2-wire differential to 2-wire unbalanced SLIC 
Constant current battery feed 

Per line ringing cadencing circuit 

Message waiting lamp 

Transfer button detection 

etc. 


Please contact your local Motorola sales office. 


LONG LINES OFF-PREMISE LINES 


Specifications 


Off-Hook — <25002 VLogic — +5.0V 
Re — 2009 Ro — 600 2 On-Hook —>10k2 Veg — -42to —56 
IL (max) — 60 mA Rx Gain —0OdB Volts 
200-3400 Hz Protection — 1000V_ = VRinging +— (40 V to 120 
R_(max) — 190092 Tx Gain —OdB VRMS)+ VEE 
200-3400 Hz Ringer Equivalent. — 5 
Parts List 
MPSA56 RR —_ 9.09k 1% Matched MOC3030 RT™1 — 12.1k 1% 
2N3905 RT _ 9.09k 1% if desired 4N25 RTtés2. — 5.76k 1% 
2N6558 RpT — 470 5% Rex — 28.7k 1% 
MPSA42 RpR  — 75Q 5% Rp — 28.0k 1% 
MJE271 RG1 — 6200 5% RvVTX — 28.6k 1% 
1N4007 Rg2 — 10092 5% CT 0.004 uF 
MK1V135 Rey — 9192 5% Cr — 0,004 uF 
1N4007 Rea — 3.0k 5% Cc — 0,001 pF 
1N4007 RRT — 20k 5% CRx — 1.0 wF/20 V 
1N5303 Rc — 24k 5% CTX — 2.0 uF/40 V 
1N4004 Ry ~~ 127 k 1-3% Cet — 20 uF/5.0 V 
MC3419-1 RHso — 10k 5% Cop — 10 uF/60.V 
SHORT LINES ON-PREMISE LINES 
Specifications 
RF — 500 2 Rx Gain — —5.0 dB 
Ri(max) — 700 Tx Gain 0 dB 
Ring Trip — <50 ms VLogic + 5.0 Volts 
Ringer Equivalent —_ 2.5 VEE —20 to —56 Volts 
Ro — 600 0 VRinging (40 V to 70 Vams)+ VEE 
Parts List 
MJE271 Rr — 19.6k 1% MOC3030 Ruyso — 10k 5% 
MJE270 Rr — 196k 1% RTx1  — 19.6k 1% 
MPSA56 RG1 — 6200 5% CT — 0.004 uF RT™2 — 42.2k 1% 
2N3905 Rg2 — 6202 5% Cr — 0.004 uF RRX — 69.8k 1% 
1N4007 Req _ 910 5% Cc — 0.004 uF Rp _ 301k 1% 
1N4007 RE2 _ 3.0k 5% Crx — 0.1 pF RVT™X — 127k 1% 
MC3419C-1 Ry _ 330k 5% Ctx — 05 uF Rc — 56k 5% 
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Advance Information 
ELECTRONIC 


ELECTRONIC TELEPHONE CIRCUIT TELEPHONE 


Provides All Basic Telephone Station Apparatus Functions in CIRCUIT 
a Single IC, Including DTMF Dialer, Tone Ringer, Speech Net- 
work and Line Voltage Regulator BIPOLAR LINEAR/I2L 
DTMF Generator Uses Low-Cost Ceramic Resonator with Ac- 
curate Frequency Synthesis Technique | 

Tone Ringer Drives Piezoelectric Transducer and Satisfies ElA 
RS-470 Impedance Signature Requirements 


Speech Network Provides Two—Four Wire Conversion with Ad- 
justable Sidetone Utilizing an Electret Transmitter 


On-Chip Regulator Insures Stable Operation Over Wide Range 
of Loop Lengths 

I2L Technology Provides Low 1.4 Volt Operation and High Static 
Discharge Immunity 


MC34010P Provides Microprocessor Interface Port for Auto- PLASTIC PACKAGE 
matic Dialing Features CASE 711-03 


FIGURE 1 — ELEMENTS OF THE MC34010/11 ELECTRONIC TELEPHONE 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS (Voltage References to V-) _... BIN CONNECTIONS 


TRF 
TRO 
TRI 
TRS 
TRC 
FB 
V+ 
BP 
LR 
LC 
sy 
VR 
| CAL 
RXO 
RXI 
RM 
STA 
TXO 
TXl 
TXL 


1 
2 
3 
4 
5 
6 
7 
8 


R1—R4 Terminal Current (Pins 1—4) 
C1-C4 : ' . (Pins 5-8) 


GENERAL CIRCUIT DESCRIPTION 


Introduction 

The MC34010/11 Electronic Telephone Circuits (ETC) 
provide all the necessary elements of a tone dialing 
telephone in a single IC. The functional blocks of the 
ETC include the DTMF dialer, speech network, tone 
ringer, and dc line interface circuit (Figure 1). The 
MC34010 also provides a microprocessor interface port 
that facilitates automatic dialing features. 

Low voltage operation is a necessity for telephones 
in networks where parallel telephone connections are 
common. An electronic speech network operating in . 
parallel with a conventional telephone may receive line 
voltages below 2.5 volts. DTMF dialers operate at sim- 
ilarly low-line voltages when signaling through battery 
powered station carrier equipment. These low voltage 
requirements have been addressed by realizing the 
MC34010/11 in a bipolar/I2L technology with appropri- 
ate circuit techniques. The resulting speech and dialer 
circuits maintain specified performance with instanta- 
neous input voltage as low as 1.4 volts. 


*MC34010P only. 


FIGURE 2 — MPU INTERFACE CODES 


Line Voltage Regulator 

The dc line interface circuit (Figure 3) determines the 
dc input characteristic of the telephone. At low input 
voltages (less than 3 volts) the ETC draws only the 


FIGURE 3 — DC LINE INTERFACE BLOCK DIAGRAM 
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GENERAL CIRCUIT DESCRIPTION (continued) : 


speech and dialer bias currents through the VR regu- 
lator. As input voltage increases, Q1 conducts the ex- 
cess dc line current through resistor R4. The 1.5 volt 
level shift prevents saturation of Q2 with telephone line 
signals up to 2.0 volts peak (+5.2 dBm). A constant 
current (dummy load) is switched off when the DTMF 
dialer is activated to reduce line current transients. Fig- 
ure 4 illustrates the dc voltage/current characteristic of 
an MC34010/11 telephone. 


FIGURE 4 — DC V-I CHARACTERISTIC OF THE ETC 
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Speech Network 

The speech network (Figure 5) provides the two-to- 
four wire interface between the telephone line and the 
instrument’s transmitter and receiver. An electret mi- 
crophone biased from VR drives the transmit amplifier. 
For very loud talkers, the peak limiter circuit reduces 
the transmit input level to maintain low distortion. The 
transmit amplifier output signal is inverted at the STA 
terminal and driven through an external R-C network 
to control the receiver sidetone level. The switched ac 
resistance at the RM terminal reduces receiver signal 
when dialing and suppresses clicks due to hook or key- 
pad switch transitions. When transmitting, audio signal 
currents (iTxQ and irx¢) flow through the voltage reg- 
ulator pass transistor (T1) to drive the telephone line. 
This feature has two consequences: 1) In the transmit- 
ting mode the receiver sidetone current iRnxo contrib- 
utes to the total signal on the line along with itx0; 
2) The ac impedance of the telephone is determined by 
the receiver impedance and the voltage gain from the 
line to the receiver amplifier output. 


DTMF Dialer 

Keypad interface comparators activate the DTMF row 
and column tone generators (Figure 6) when a row and 
column input are connected through a SPST keypad. 
The keypad interface is designed to function with con- 
tact resistances up to 1.0 kN and leakage resistances as 
low as 150 kQ.. Single tones may be initiated by de- 
pressing two keys in the same row or column. 


FIGURE 5 — SPEECH NETWORK BLOCK DIAGRAM 
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depressed, thereby indicating valid data is available to 
the MPU. The DP output can additionally be used to 
initiate a data transfer sequence to the microprocessor. 
The MS output (when at a Logic ‘1’’) indicates the DTMF 
generator is enabled and the speech network is muted. 

Pin A+ is to be connected to a source of 2.5 to 10 
volts (generally from the microprocessor circuit) to en- 
able the pullup circuits on the microprocessor interface 
outputs (DP, MS, 1/0). Additionally, this voltage will 


power the entire circuitry (except Tone Ringer) in the 
absence of voltage at V+. This permits use of the trans- 
mit and receive amplifiers, keypad interface, and DTMF 
generator for non-typical telephone functions. 


See Figure 45 for a typical interconnection to an 
MC6821 PIA (Peripheral Interface Adapter). Connection 
to a port on any other class of microprocessor will be 
similar. 


FIGURE 7 — TONE RINGER BLOCK DIAGRAM 
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The programmable counters employ a novel design 
to produce non-integer frequency ratios. The various 
DTMF tones are synthesized with frequency division 
errors less than +0.16% (Table 1). Consequently an in- 
expensive ceramic resonator can be used instead of a 
quartz crystal as the DTMF frequency reference. Total 


frequency error less than +0.8% can be achieved with 
+0.3% ceramic resonator. The row and column D/A 
converters produce 16-step approximations of sinu- 
soidal waveforms. Feedback through terminal FB re- 
duces the DTMF output impedance to approximately 
2.0 kQ to satisfy return loss specifications. 


FIGURE 6 — DTMF DIALER BLOCK DIAGRAM 


Tone Ringer 

The tone ringer (Figure 7) generates a warbling 
square wave output drive to a piezo sound element 
when the ac line voltage exceeds a predetermined 
threshold level. The threshold detector uses a current 
mode comparator to prevent on/off chatter when the 
output current reduces the voltage available at the 
ringer input. When the average current into the tone 
ringer exceeds the threshold level, the ringer output 
TRO commences driving the piezo transducer. This out- 
put current sourced from TRI increases the average cur- 
rent measured by the threshold detector. As a result, 
hysteresis is produced beween the tone ringer on and 
off thresholds. The output frequency at TRO alternates 
between f)/8 and f,/10 at a warble rate of f/640, where 
fo is the ringer oscillator frequency. 


Microprocessor Interface (MC34010 Only) 

The MPU interface connects the keypad and DTMF 
sections of the ETC to a microprocessor for storing and 
retrieving numbers to be dialed. Figure 8 shows the 
major blocks of the MPU interface section and the in- 
terconnections between the keypad interface, DTMF 
generator and microprocessor. Each button of a 12 or 
16 number keypad is represented by a four-bit code 
(Figure 2). This four-bit code is used to load the pro- 
grammable counters to generate the appropriate row 
and column tones. The code is transferred serially to or 
from the microprocessor when the shift register is 
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clocked by the microprocessor. Data is transferred 
through the I/O terminal, and the direction of data flow 
is determined by the Data Direction (DD) input terminal. 
In the manual dialing mode, DD is a Logic “0” and the 
four-bit code from the keypad is fed to the DTMF gen- 
erator by the digital multiplexer and also output on the 
/O terminal through the four-bit shift register. The data 
sequence on the |/O terminal is B3, B2, B1, BO and is 
transferred on the negative edge of the clock input (CL). 
In this mode the shift register load enable circuit cycles 
the register between the load and read modes such that 
multiple read cycles may be run for a single-key closure. 
Six complete clock cycles are required to output data 
from the ETC and reload the register for a second look. 

In the automatic dialing mode, DD is a Logic “1” and 
the four-bit code is serially entered in the sequence B3, 
B2, B1, BO into the four-bit shift register. Thus, only four 
clock cycles are required to transfer a number into the 
ETC. The keypad is disabled in this mode. A Logic “1” 
on the Tone Output (TO) wil! disable tone outputs until 
valid data from the microprocessor is in place. Subse- 
quently TO is switched to a Logic ‘’0”’ to enable the 
DTMF generator. Figures 9 and 10 show the timing wav- 
eforms for the manual and automatic dialing modes 
and Table 2 specifies timing limitations. 

The keypad decoder’s exclusive OR circuit generates 
the DP and MS output signals. The DP output indicates 
(when at a Logic ‘’1’’) that one, and only one, key is 
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FIGURE 9 — OUTPUT DATA CYCLE FROM MC34010 
NOTE: TO may be low (Tone generator enabled) if desired. 
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FIGURE 10 — INPUT DATA CYCLE TO MC34010 
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TABLE 1 — FREQUENCY SYNTHESIZER ERRORS TABLE 2 — TIMING LIMITATIONS 


DTMF Tone Output 
Standard | Frequency with % Deviation 


Clock F 
(Hz) 500 kHz Oscillator | from Standard eee ae 


Clock High Time 
Row 1 
Row 2 : ‘ Clock Low Time 
Row 3 
Row 4 39. ; Clock Rise, Fall Time 
Clock Transition to 
Column 1 : : Data Valid 
Column 2 : : Time from DP High 
Column 3 ; ; to CL Low 
Column 4 : : : Time from DD High 
to CL Low 
Data Setup Time 
Data Hold Time 
Time from CL Low 
to TO Low_ 
Time from TO High 
to DD High 
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PIN DESCRIPTION 


(See Figure 45 for external component identifications.) 


rin | Designation 


7 
7 

Depressed Pushbutton (Output) — Normally low; A Logic “1” indicates one and only one, button of the 
DTMF keypad is depressed. 


a cee Tone Output (Input) — When a Logic ‘’1,"" disables the DTMF generator. Keypad is not disabled. 


Mute/Single Tone (Output) — A Logic ‘’1” indicates a row and/or column tone is being generated. A 
Logic ‘‘0” indicates tone generator is disabled. 


Keypad inputs for Rows 1 through 4. When open, internal 8.0 kQ resistors pull up the row inputs to a 
regulated (~0.5 volt) supply. In normal operation, a row and a column input are connected through a 
SPST switch by the telephone keypad. Row inputs can also be activated by a Logic “0” (<250 mV) from 
a microprocessor port. 


Keypad inputs for Columns 1 through 4. When open, internal 8.0 kQ resistors pull down the column 
inputs to V—.In normal operation, connecting any column input to any row input produces the respective 
row and column DTMF tones. In addition to being connected to a row input, column inputs can be 
activated by a Logic “1” (>250 mV and <1.0 volt). 


MPU Power Supply (Input) — Enables pullups on the microprocessor section outputs. Additionally, this 
voltage will power the entire circuit (except Tone Ringer) in the absence of voltage at V+. 


uae 

_ 

13 /O* Input/Output — Serial Input or Output data (determined by DD input) to or from the microprocessor for 
storing or retrieving telephone numbers. Guaranteed to be a Logic ‘1’ on powerup if DD = Logic “0.” 

1 Data Direction (Input) — Determines direction of data flow through I/O pin. As a Logic ‘1,” I/O is an 
input to the DTMF generator. As a Logic ‘’0,” \/O outputs keypad entries to the microprocessor. 


Clock (Input) — Serially shifts data in or out of I/O pin. Data is transferred on negative edge typically at 
20 kHz. 


16,17 | CR1, CR2 Ceramic Resonator oscillator input and feedback terminals, respectively. The DTMF dialer is intended 

to operate with a 500 kHz ceramic resonator from which row and column tones are synthesized. 
CAL Amplitude CALibration terminal for DTMF dialer. Resistor R14 from the CAL pin to V— controls the DTMF 

output signal level at Tip and Ring. 
FeedBack terminal for DTMF output. Capacitor C14 connected from FB to V+ provides ac feedback to 
reduce the output impedance to Tip and Ring when tone dialing. 
Voltage Regulator output terminal. VR is the output of a 1.1 volt voltage regulator which supplies power 
to the speech network amplifiers and DTMF generator during signaling. To improve regulator efficiency 
at low line current conditions, an external PNP pass-transistor T1 is used in the regulator circuit. Capacitor 
C9 frequency compensates the VR regulator to prevent oscillation. 

33 
region thereby regulating the VR voltage. Transistor T1 also couples the ac speech signals from the 
transmit amplifier to Tip and Ring at V+. 

V+ The more positive input to the regulator, speech, and DTMF sections connected to Tip and Ring through 
the polarity guard diode bridge. 
Et ee The dc common (more negative input) connected to Tip and Ring through the polarity guard bridge. 
DC Load Resistor. Resistor R4 from LR to V— determines the dc input resistance at Tip and Ring. This 
resistor is external not only to enable programming the dc resistance but also to avoid high on-chip 
power dissipation with short telephone lines. It acts as a shunt load conducting the cxcess dc line current. 
At low line voltages (<3.0 volts), no current flows through LR. 
Pole | 

20 MIC MiCrophone negative supply terminal. The dc current from the electret microphone is returned to V — 
through the MIC terminal which is connected to the collector of an on-chip NPN transistor. The base of 
this transistor is controlled either internally by the mute signal from the DTMF generator, or externally 
by the logic input pin MM. 


Base of a PNP Pass-transistor. Under long-loop conditions where low line voltages would cause VR to 
fall below 1.1 volts, BP drives the PNP transistor T1 into saturation, thereby minimizing the voltage drop 
across the pass transistor. At line voltages which maintain VR above 1.1 volts, BP biases T1 in the linear 


DC Load Capacitor. Capacitor C11 from LC to V— forms a low-pass filter which prevents the resistor at 
LR from loading ac speech and DTMF signals. 


*MC34010P only. (continued) 
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_ PIN DESCRIPTION (continued) 


Pin | Designation . Function 


Microphone Mute. The MM pin provides a means to mute the microphone in response to a digital control 
signal. When this pin is connected to a Logic ‘1’ (>2.0 V) the microphone dc return path through the 


MIC terminal is disabled. 


22 


Transmit amplifier Input. TX! is the input to the transmit amplifier from an electret microphone. AC 
coupling capacitors allow the dc offset at TXI to be maintained approximately 0.6 V above V — by feedback 
through resistor R11 from TXO. 


Transmit Input Limiter. An internal variable resistance element at the TXL terminal controls the transmitter 
R13 


input level to prevent clipping with high signal levels. Coupling capacitors C4 and C5 prevent dc current 
ul 


flow through TXL. The dynamic range of the transmit peak limiter is controlled by resistors R12 and 
between the transmit signal at TXO and the sidetone cancellation signal from STA is controlled by R8, 


24 STA 
R9, and C6. 


| 37 TRS Tone Ringer Input Sense. TRS is the most positive input terminal of the tone ringer and the reference 
: for the threshold detector. 
aa Tone Ringer Input terminal. TRI is the positive supply voltage terminal for tone ringer circuitry. Current 


is supplied to TRI through resistor R2. When the average voltage across R2 exceeds an internal reference 
a 


voltage (typically 1.6 volts) the tone ringer output is enabled. 
(a 


ia 


Transmit Amplifier Output. The transmit amplifier output drives ac current through the voltage regulator 
pass-transistor T1 via resistor R10. The dc bias voltage at TXO is typically 0.6 volts above ie The 
transmit amplifier gain is controlled by the R11/((R12 + R13) ratio. 


Automatic Gain Control low-pass filter terminal. Capacitor C3 connected between AGC and VR sets the 
attack and decay time of the transmit limiter circuit. This capacitor also aids in reducing clicks in the 
receiver due to hook-switch transients and DTMF on/off transients. In conjunction with internal resistors, 
C3 (1.0 uF) forms a timer which mutes the receiver amplifier for approximately 20 milliseconds after the 
user goes off-hook or releases a DTMF Key. 


Receiver Amplifier Output. This terminal is connected to the open-collector NPN output transistor of the 
receiver amplifier. DC bias current for the output device is sourced through the receiver from VR. The 
bias voltage at RXO is typically 0.6 volts above the V —. Capacitor C10 from RXO to VR provides frequency 
compensation for the receiver amplifier. 


Receiver Amplifier Input. RX! is the input terminal of the receiver amplifier which is driven by ac signals 
from V+ and STA. Input coupling capacitor C8 allows RXI to be biased approximately 0.6 volts above 
the V— via feedback resistor R6. 


Receiver Amplifier Mute. A switched resistance at the RM terminal attenuates the receiver amplifier 
input signal produced by DTMF dialing tones at V+. RM also mutes clicks at the receiver which result 
from keypad or hook switch transitions. The ac resistance at RM is typically 540 © in the mute mode and 
200 k. otherwise. Coupling capacitors C7 and C8 prevent dc current flow through RM. 


SideTone Amplifier output. STA is the output of the sidetone inverter amplifier whose input is driven 
by the transmit signal at TXO. The inverted transmit signal from STA subtracts from the receiver amplifier 
input current from V+, thus reducing the receiver sidetone level. Since the transmitted signal at V+ is 
phase shifted with respect to TXO by the reactive impedance of the phone line, the signal from STA 
must be similarly phase-shifted in order to provide adequate sidetone reduction. This phase relationship 


Tone Ringer Input Filter capacitor terminal. Capacitor C16 connected from TRF to TRS forms a low-pass 
filter. This filter averages the signal across resistor R2 and presents this dc voltage to the input of the 
threshold detector. Line voltage transients are rejected if the duration is insufficient to charge C16 to 1.6 
volts. 


Tone Ringer oscillator Capacitor and resistor terminal. The relaxation oscillator frequency fo, is set by 
resistor R3 and capacitor C13 connected from TRC to V-—. Typically, fp = (R3C13 + 8.0 ps)~1, 


Tone Ringer Output terminal. The frequency of the square wave output signal at TRO alternates from 
fo/8 to fo/10 at a warble rate of f>/640. Typical output frequencies are 1000 Hz and 800 Hz with a 12.5 
Hz warble rate. TRO sources or sinks up to 20 mA to produce an output voltage swing of 18 volts peak- 
to-peak across the piezo transducer. Tone ringer volume control can be implemented by a variable 
resistor in series with the piezo transducer. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


KEYPAD INTERFACE CIRCUIT 


Characteristic 


Row Input Pullup Resistance 7 11 kO, 
mth Row Terminal: m = 1,2,3,4 

Column Input Pulldown Resistance Rcn 11 kOQ, 
nth Column Terminal: n = 1,2,3,4 


Ratio of Row-to-Column Input Resistances 


R m = 1,2,3,4 
Km,n = *Rm, 


Row Terminal Open Circuit Voltage 


Row Threshold Voltage for mth 
Row Terminal: m = 1,2,3,4 E 


Column Threshold Voltage for nth Vde 
Column Terminal: n = 1,2,3,4 


Voltage Regulator Output 
A+ Regulator 


A+ Input Current Off-Hook 

A+ Input Current On-Hook 

Input Resistance (DD, TO, CL) 

Input Current (I/O) 

Input High Voltage (DD, TO, CL, 1/0) 
Input Low Voltage (DD, TO, CL, I/O) 
Output High Voltage (MS, DP, I/O) 
Output Low Voltage (MS, DP, I/O) 


LINE VOLTAGE REGULATOR 

Voltage Regulator Output 

V+ Current in DIMF Mode 

Change in IpjT with Change in V+ Voltage 


V+ Current in Speech Mode 
V+ 1.7V 
V+ =5.0V 


LR Level Shift 


V+ = 50V,ILR = 10 mA 
V+ = 18V, ILR = 110 mA 


LC Terminal Resistance 
Load Regulation 
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ELECTRICAL CHARACTERISTICS (continued) 


SPEECH NETWORK 


Test 
Method 


= 
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=z 
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22a 
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STA Terminal Output Current 
RXO Terminal Bias 


— 
° 
o 
nN 
o1 
o 
= 
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Transmit Amplifier Closed-Loop Gain 
Sidetone Amplifier Gain 


w 
Bs) 
x 
: 
é 
ron) 
ND 


RXO Terminal Negative Swing 
TXL Terminal ON Resistance 26b PRTxL(ON) | — | 20 | 100 - 
RM Terminal OFF Resistance 27a 

RM Terminal ON Resistance 


DTMF GENERATOR 


Row Tone Frequency 


< 
P 2) 
x 
Oo 
| 
r=) 
ro) 
= 
< 
roy 
(?) 


Column Tone Frequency Column 1 
Column 2 
Column 3 


Column 4 

Row Tone Amplitude , | ate | VRow | 034 | 
Column Tone Amplitude | ot | Veo | 043 | os | 062 | Vis _| 
Column Tone Pre-emphasis | ug | dcr | os | oie | 30 | 
DTMF Distortion | 2 | moe | — | 40 | eo | % | 
DTMF Output Resistance ee 
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ELECTRICAL CHARACTERISTICS (continued) 


TONE RINGER 


Test 
Characteristic Method Typ 


TRS Terminal Input Current 
VTRS = 24 volts 
VTRS = 30 volts 


TRF Threshold Voltage 


Tone Ringer Output Voltage 


MC34010 
Only 


*Co 
—L 100 pF 
i 
is e 


@ 
Notes: 
1. *Selected ceramic resonator: 500 kHz +0.2 kHz. 
2. Capacitances in uF unless noted. 
3. All resistances in ohms. 
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| FIGURE 12 — TEST ONE FIGURE 13 — TEST TWO 


General General 


Test Test 
Circuit Circuit 


a. Measure Vp with Vs = 1.7 V a. Measure IptT with Vs = 11.5 V 
b. Measure Isp with Vs = 1.7 V b. Measure IpT with Vs = 26 V. Calculate 
Alpt = '!pt| — 'pt| 


c. Measure Isp with Vs = 5.0 V 
26 V 11.5 V 


FIGURE 14 — TEST THREE FIGURE 15 — TEST FOUR 


General General 


Test Test 
Circuit Circuit 


With S1 open measure ITp. Close S; and again measure a. Set Vs = 5.0 Vand ILR = 10 mA. Measure VLR. 
TR: Calculate: Calculate AViR = Vs — VLR 


AITR = ITR | - 'TR| - b. Repeat Test 4a with Vs = 18 V and ILR = 110 mA 
1 1 


Closed Open 


i ca he a a a ee 
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FIGURE 16 — TEST FIVE 


General 
Test 
Circuit 


With Sz open measure VLC. 
Close Sj and measure Ic. 
Calculate: 


5.0 - Vic 


Ric = ie 


FIGURE 18 — TEST SEVEN 


S4 


General 
Test 
Circuit 


Subscript m corresponds to row number. 


a. Set S1 to Terminal 2 and measure voltage at Terminal 1 
(VROC). . 


b. Set S1 to Terminal 1 (m = 1) and measure Ip 4. Calculate: 


Rai = Vroc = !r1 
c,d,e. Repeat Test 7b for m = 2,3,4. 


FIGURE 17 — TEST SIX 


General 
Test 
Circuit 


= 0.0 uA and measure VR. 
150 wA and measure Vr. Calculate: 
— Vp 
0.0 pA 150 pA 


FIGURE 19 — TEST EIGHT 


General 
Test 
Circuit 


+ 
oe V 


Subscript n corresponds to column number. 


a. Set S to Terminal 5 (n = 1) and measure Icj. Calculate: 
Rc1 = 1.0V + Ic1 
b,c,d. Repeat Test 8a for n = 2,3,4. 
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FIGURE 20 — TEST NINE 


General 
Test 
Circuit 


m corresponds to row number. 


a. Set S; to Terminal 1 (m = 1) with Vz = 1.0 Vdc. Verify 
Veaic is Low (Vic < 0.3 Vdc). Decrease Vj to 0.70 VRroc 
and verify Vic switches high. (Vpyic > 0.5 Vde). VRoc 
is obtained from Test 7a. 


b,c,d. Repeat Test 9a for rows 2,3, and 4. (m = 2,3,4) 


FIGURE 21 — TEST TEN 


General 
Test 
Circuit 


n corresponds to column number. 


a. Set S7 to Terminal 5 (n = 
VaIc is low (Vuyic < 0.3 Vdc). Increase V1 to 0.39 VRoc 
and verify Vic switches high, (Vic > 0.5 Vdc). VRoc 
is obtained from Test 7a. 


1) with V1 = 0 Vdc. Verify 


b,c,d. Repeat Test 10a for columns 2,3, and 4. (n = 2,3,4) 


FIGURE 22 — TEST ELEVEN 


General 
Test 
Circuit 


m corresponds to row number. 
n corresponds to column number. 


e. Set S; to Terminal 4 and V1 = 


f. Set Sz to Terminal 8 and Vj = 


a. With V1 = 0.0 V set S17 to Terminal 1 (m = 1) and 
measure frequency of tone at V+. 

b. Repeat Test 11a for rows 2,3 and 4. (m = 2,3,4). 

c. With V1 = 1.0 V set S1 to Terminal 5. (n = 1) and 
measure frequency of tone at V+. 

d. Repeat Test for columns 2,3, and 4. (n = 2,3,4). 


0.0 V. Measure row tone 
amplitude at V+ (VRow). 

1.0 V. Measure column 
tone amplitude at V+. (VcoL). 


g. Using results of Tests 11e and 11f, calculate: 


VCOL 
VROW 


dBcR = 20 logig 
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FIGURE 23 — TEST TWELVE FIGURE 24 — TEST THIRTEEN 


General 
Test 
Circuit 


General 
Test 
Circuit 


10 kHz Single 
Pole LPF 


Note: The notch filters must have 50 dB attenuation at their 
respective center frequencies. 


Measure Is at V1 = 1.8V and V1 = 2.8 V. 
Calculate: 


Measure V+ and Vq with a true rms voltmeter. Calculate: Ro = 1.0 V [1s st is| | 
28V °1.8V 


V4(rms) 


9 =e 
% DIS Vrume)” 100 


FIGURE 25 — TEST FOURTEEN FIGURE 26 — TEST FIFTEEN 


VTRI 
General General 
Test | Test 
Circuit Circuit 
a. Measure ITRg with V4 
Set | = 1.0 mA and measure VTRj. b. Measure ITRs with V1 
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FIGURE 27 — TEST SIXTEEN FIGURE 28 — TEST SEVENTEEN 
ITRF 
General 


Test 
Circuit 


General 
Test 
Circuit 


. Increase V1 from 21 V until VtRO switches on. Note that 
VTRO will be an 16 Vpp square wave. Record this value Measure Itpr. Calculate: RTRF = 1.0 + ITRF. 
of Vj. Calculate: 


VTRF = V1 - 20V 
. Decrease V1 from its setting in Test 16a until VTRO 
ceases switching. Record this value of V3. Calculate: 
AVTRF = v1 | = v4] 
Test Test 
16a 16b 


J; 


General 
Test 
Circuit 


ON OO WD 


1/41C1 JO 
IC1 — MC14011B a. 
1C2 — MC14538B 8 1/41C1 }O 
Vpp = 12 V 

T1 = 2N3904 L 


Measure the frequencies fw, fx. fL- = 
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FIGURE 30 — TEST NINETEEN 


O VTRO 


General 
Test 
Circuit 


Measure VTRO peak-to-peak voltage swing. 
Using VtR; from Test 14 Calculate: 


Vo(p-p) = VTR| — 20 V + VTRO 


FIGURE 32 — TEST TWENTY-ONE 


General 
Test 
Circuit 


ImMic 20 


+ + 
eM ae V 


a. Set V7 = 2.0 V and measure Ijic. 


b. Set V1 = 5.0 V and measure Im. 
Calculate: Ray = 5.0 V = Imm 


FIGURE 31 — TEST TWENTY 


General 
Test 
Circuit 


Measure VMIC 


FIGURE 33 — TEST TWENTY-TWO 


General 
Test 
Circuit 


. With S_ open, measure VTxo. Using Vp obtained in Test 


1 Calculate: Btxo = VTxo = VR 


. With S1 open, measure VTxo and VT xj. Calculate: 


Itx1 = (Vtxo — VTxI) + 200 kO 


. Close Sj and set! = ~—10 »A. Measure VTx¢. Calculate: 


Vtxo(+) = VR -— Vtxo where Vp is obtained from 
Test 1. 


. Close S; and set | = +10 wA. Measure VTxo. 


VTxo(—) = VTxo- 
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FIGURE 34 — TEST TWENTY-THREE 


General 
Test 
Circuit 


a. Set the generator for vj = 3.0 mMVrms. Measure ac 
voltage VTxo. Calculate: 

V 

GTX = caring 

b. Measure ac voltage VsT,. Using VTxo from Test 23a 
calculate: 

_ VSTA 


SSTA = Vix0 


FIGURE 36 — TEST TWENTY-FIVE 


General 
Test 
Circuit 


a. With S1 open, measure Vpxo. Using VR obtained in Test 
1, calculate: BRxO = VRXO ~ VR. . 

b. With S1 open, measure VRxo and VRyI. Calculate: 
Irxt = (V—xo — VrRx1) + 100 kO —s 

c. Close S; and set | = —10 uA. Measure Vrxo. Using VR 
obtained in Test 1, calculate: V—xo (+) = VR —- VRxo- 

d. Close S; and set | = +10 uA and measure Vp_xo. 
VRxo(—) = VRXO- 


FIGURE 35 — TEST TWENTY-FOUR 


General 
Test 
Circuit 


Measure Ista. 


FIGURE 37 — TEST TWENTY-SIX 


General 
Test 
Circuit 


. Set S1 to position A with Sz open. Measure ITx_. 


Calculate: Rtx_ (OFF) = 0.4 V = ITXL. 


. Set S1 to position B and close Sz. Measure ac voltages v; 


and VTx_. Calculate: 


V 
RTxL (ON) = —1Ab— x 5.1 ka 
a Vi-VTXL 
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FIGURE 38 — TEST TWENTY-SEVEN FIGURE 39 — TEST TWENTY-EIGHT 


General General 


Test Test 
Circuit Circuit 


2.0 uF | 


Vi 
1.0 kHz | 
. With S2 open and S; in position 


A measure Ip. 
Calculate: RRM(OFF)=0.4 V + Inj 


. Close Sz and switch Sj to position B. Measure ac 
voltages vj and Vem. 
Calculate: 


ee 
Ram(ON) = —BM— x 10 ka 
vi — VRM 


1.4 V. Measure |A(OFF) 
0.6 V. Measure IA(ON) 


FIGURE 40 — TEST TWENTY-NINE FIGURE 41 — TEST THIRTY 


General 
Test 
Circuit 


General 
Test 
Circuit 


OV 


4. 
+ 


Measure VpR/A+ 


Measure ljpn at each of three inputs. For each, calculate: 
Rin = 5.0 Vin 
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FIGURE 42 — TEST THIRTY-ONE 


14 
General 
Test 
Circuit 


+ + + + 
5.0 na. Tox v [2.0 V i V 


Measure ljn. 


FIGURE 43 — TEST THIRTY-TWO 


General 
Test 
Circuit 


. Measure Voy at Pin 13. 
b. Close S71, measure VOH at Pin 11. 


c. Close S1 and Ss. Measure VOH 
at Pin 9. 


FIGURE 44 — TEST THIRTY-THREE 


+ 
WoT 


General 


Test 
Circuit 


a. Measure Vo, voltages at Pins 9 and 11. 
b. Close $1. Force Vj/o to 0.8 V and Vpp to 2.0 V. Apply 


4 clock pulses to Pin 15. Open S1 and decrease Vpp to 
0.8 V. Measure Vo, at Pin 13. 


APPLICATIONS INFORMATION 


Figure 45 specifies a typical application circuit for the 
MC34010 and MC34011. Complete listings of external 
components are provided at the end of this section 
along with nominal component values. 

The hook switch and polarity guard bridge configu- 
ration in Figure 45 is one of several options. If two 
bridges are used, one for the tone ringer and the other 
for speech and dialer circuits, then the hook switch can 
be simplified. Component values should be varied to 
optimize telephone performance parameters for each 


application. The relationships between the application 
circuit components and certain telephone parameters 
are briefly described in the following: 
On-Hook Input Impedance 

R1, C17, and Z3 are the significant components for 
on-hook impedance. C17 dominates at low frequencies, 
R1 at high frequencies and Z3 provides the non-linearity 
required for 2.5 V and 10 V impedance signature tests. 
C17 must generally be < 1.0 pF to satisfy 5.0 Hz imped- 
ance specifications. 


«csovezaemnnmmnee mre tts SS nt 
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Tone Ringer Output Frequencies 

R3 and C13 control the frequency (f,) of a relaxation 
oscillator. Typically fg = (R3C13 + 8.0 us)~ |. The out- 
put tone frequencies are f,/10 and f,/8. The warble rate 
is f9/640. The tone ringer will operate with fy from 1.0 
kHz to 10 kHz. R3 should be limited to values between 
150 k and 300 k. 


Tone Ringer Input Threshold 

After R1, C17, and Z3 are chosen to satisfy on-hook 
impedance specifications, R2 is chosen for the desired 
ring start threshold. Increasing R2 reduces the ac input 
voltage required to activate the tone ringer output. R2 
should be limited to values between 0.8 k and 2.0 kQ. 


Off-Hook DC Resistance 

R4 conducts the dc line current in excess of the speech 
and dialer bias current. Increasing R4 increases the in- 
put resistance of the telephone for line currents above 
10 mA. R4 should be selected between 40 0 and 120 2. 


Off-Hook AC Impedance 

The ac input impedance is equal to the receive am- 
plifier load impedance (at RXO) divided by the receive 
amplifier gain (voltage gain from V+ to RXO). Increas- 
ing the impedance of the receiver increases the imped- 
ance of the telephone. Increasing the gain of the receiver 
amplifier decreases the impedance of the telephone. 


DTMF Output Amplitude 

R14 controls the amplitude of the row and column 
DTMF tones. Decreasing R14 increases the level of tones 
generated at V+. The ratio of the row and column tone 
amplitudes is internally fixed. R14 should be greater 
than 20 (2. to avoid excessive current in the DTMF output 
amplifier. 


Transmit Output Level 

R10 controls the maximum signal amplitude pro- 
duced at V+ by the transmit amplifier. Decreasing R10 
increases the transmit output signal at V+. R10 should 
be greater than 250 2 to limit current in the transmit 
amplifier output. 


Transmit Gain 

The gain from the microphone to the telephone line 
varies directly with R11. Increasing R11 increases the 
‘signal applied to R10 and the ac current driven through 
R10 to the telephone line. The closed loop-gain from 
the microphone to the TXO terminal should be greater 
than 10 to prevent transmit amplifier oscillations. 


Note: Adjustments to transmit level and gain are com- 
plicated by the addition of receiver sidetone cur- 
rent to the transmit amplifier output current at 
V+. Normally the sidetone current from the re- 
ceiver will increase the transmit signal (if the cur- 
rent in the receiver is in phase with that in R10). 
Thus the transmit gain and sidetone levels can- 
not be adjusted independently. 


Receiver Gain 

Feedback resistor R6 adjusts the gain at the receiver 
amplifier. Increasing R6 increases the receiver amplifier 
gain. 


Sidetone Level 

Sidetone reduction is achieved by the cancellation of 
receiver amplifier input signals from R9 and R5. R8, R15, 
and C6 determine the phase of the sidetone balance 
signal in R9. The ac voltage at the junction of R8 and 
R9 should be 180° out of phase with the voltage at V+. 
R9 is selected such that the signal current in R9 is 
slightly greater than that in R5. This insures that the 
sidetone current in the receiver adds to the transmit 
amplifier output current. 


Hook-Switch Click Suppression 

When the telephone is switched to the off-hook con- 
dition C3 charges from 0 volts to a 300 mV bias voltage. 
During this time interval, receiver clicks are suppressed 
by a low impedance at the RM terminal. If this click 
suppression mechanism is desired during a rapid 
succession of hook switch transitions, then C3 must be 
quickly discharged when the telephone is on-hook. R16 
and S3 provide a rapid discharge path for C3 to reset 
the click suppression timer. R16 is selected to limit the 
discharge current in S3 to prevent damage to switch 
contacts. 


Microprocessor Interface (MC34010 Only) __ 

The six microprocessor interface lines (DP, TO, MS, 
DD, I/O, and CL) can be connected directly to a port, as 
shown in Figure 45. The DP line (Depressed Pushbutton) 
is also connected to an interrupt line to signal the mi- 
croprocessor to begin a read data sequence when stor- 
ing a number into memory. The MC34010 clock speed 
requirement is slow enough (typically 20 kHz) so that 
it is not necessary to divide down the processor’s sys- 
tem clock, but rather a port output can be toggled. This 
facilitates synchronizing the clock and data transfer, 
eliminating the need for hardware to generate the clock. 


The DD pin must be maintained at a Logic ‘0’’ when 
the microprocessor section is not in use, so as to permit 
normal operation of the keypad. 


When the microprocessor interface section is not in 
use, the supply voltage at Pin 12 (A+) may be discon- 
nected to conserve power. Normally the speech cir- 
cuitry is powered by the voltage supplied at the V+ 
terminal (Pin 34) from the telephone lines. During this 
time, A+ powers only the active pullups on the three 
microprocessor outputs (DP, MS, and I/O). When the 
telephone is “on-hook,” and V+ falls below 0.6 volts, 
power is then supplied to the telephone speech and 
dialer circuitry from A+. Powering the circuit from the 
A+ pin permits communication with a microprocessor, 
and/or use of the transmit and receiver amplifiers, while 
the telephone is “‘on-hook.” 


. a . 
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MC6800 
System 


FIGURE 45 — MC34010/34011 ELECTRONIC TELEPHONE APPLICATION CIRCUIT 


DTMF Pad 
Row-Column Switch Closure 


40 +C16 © Piezo Sound Element 


C153 — 


39 
a= 
id 


=? 0 
MCc6821 Mc34010/ 
PIA 34011 
Port Receiver RS 
K  AorB 300 0 


S1, $2, $3 controlled 
by hook switch; Illustrated 
in “on-hook”’ 
condition. 


Control 


Electret Microphone 


Ord *RX used with 2-Terminal mike only. 


* Pins 9 through 15 are for MC34010 only; corresponding pins on MC34011 should be connected to V-. 
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EXTERNAL COMPONENTS 


(Component Labels Referenced to Figure 45) 


Nominal — 
Capacitors Value Description 


100 pF Ceramic Resonator oscillator capacitors. 
Transmit limiter low-pass filter capacitor: controls attack and decay time of transmit peak limiter. 


1.0 uF, 3.0 V 
0.1 uF Transmit amplifier input capacitors: prevent dc current flow into TXL pin and attenuates low-frequency 
noise on microphone lead. 

Sidetone network capacitor: provides phase-shift in sidetone path to match that caused by telephone 
line reactance. 

Receiver amplifier input capacitors: prevent dc current flow into RM terminal and attenuates low frequency 
noise on the telephone line. 


0.05 uF 


0.05 uF 


2.2 uF, 3.0 V | VR regulator capacitor: frequency compensates the VR regulator to prevent oscillation. 
0.01 uF Receiver amplifier output capacitor: frequency compensates the receiver amplifier to prevent oscillation. 
0.1 uF DC load filter capacitor: prevents the dc load circuit from attenuating ac signals on V+. 


Telephone line bypass capacitor: terminates telephone line for high frequency signals and prevents 
oscillation in the VR regulator. 


Tone ringer oscillator capacitor: determines clock frequency for tone and warble frequency synthesizers. 


DTMF output feedback capacitor: ac couples feedback around the DTMF output amplifier which reduces 
output impedance. 

Tone ringer input capacitor: filters the rectified tone ringer input signal to smooth the supply potential for 
oscillator and output buffer. 

Tone ringer filter capacitor: integrates the voltage from current sense resistor R2 at the input of the 
threshold detector. 

Tone ringer line capacitor: ac couples the tone ringer to the telephone line; partially controls the on-hook 
input impedance of telephone. 


0.01 uF 


620 pF 
0.1 uF 


4.7 pF 25V 


1.0 uF, 10V 


1.0 uF, 250 Vac 
Non-polarized 


Nominal 
Resistors Value Description 


6.8 k Tone ringer input resistor: limits current into the tone ringer from transients on the telephone line and 
partially controls the on-hook impedance of the telephone. 


Tone ringer current sense resistor: produces a voltage at the input of the threshold detector in proportion 
to the tone ringer input current. 


Tone ringer oscillator resistor: determines the clock frequency for tone and warble frequency synthesizers. 


1.8k 


200 k 
82, 1.0 W 


DC load resistor: conducts all dc line current in excess of the current required for speech or dialing 
circuits; controls the off-hook dc resistance of the telephone. 


Receiver amplifier input resistors: couple ac input signals from the telephone line to the receiver amplifier; 
signal in R5 subtracts from that in R9 to reduce sidetone in receiver. 


Receiver amplifier feedback resistor: controls the gain of the receiver amplifier. 


Sidetone network resistors: drive receiver amplifier input with the inverted output signal from the trans- 
mitter; phase of signal in R9 should be opposite that in R5. 

Transmit amplifier load resistor: converts output voltage of transmit amplifier into a current that drives 
the telephone line; controls the maximum transmit level. 


150 k, 56 k 


R6 
R8, R9 


200 k 
1.5 k, 30 k 


R10 270 


R11 
R12, R13 


200 k 
4.7 k, 4.7 k 


Transmit amplifier feedback resistor: controls the gain of the transmit amplifier. 


Transmit amplifier input resistors: couple signal from microphone to transmit amplifier; control the dynamic 
range of the transmit peak limiter. 


DTMF calibration resistor: controls the output amplitude of the DTMF dialer. 
Sidetone network resistor (optional): reduces phase shift in sidetone network at high frequencies. 


Hook switch click suppression current limit resistor (optional): limits current when S3 discharges C3 after 
switching to the on-hook condition. 


Microphone bias resistor: sources current from VR to power a 2-terminal electret microphone; Rx is not 
used with 3-terminal microphones. 


R14 
R15 
R16 


36 


Rx 
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EXTERNAL COMPONENTS (continued) 


MDA101A, or equivalent, 

or 4-1N4005 

2N4126 or equivalent - 

18 V, 1.5 W, 1N5931A 

30 V, 1.5 W, 1N5936A 

4.7 V, 1/2 W, 1N750 

XR — CRM 500A Toko Resonators 
or equivalent . 

Piezo — PBL 5030BC Toko Buzzer 

or equivalent 


Receiver 


Primo Model DH-34 (300 2) or equivalent 


w 
—_ 
ul 


2 Terminal, Primo EM-95 (Use Ry) 

or equivalent 
3 Terminal, Primo 07A181P (Remove Rx) 
or equivalent 


4 
Hou 


N 
W 
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cease di MC34012-2 
(S) a MC34012-3 


Advance Information 
TELEPHONE 


TELEPHONE TONE RINGER TONE RINGER 


Complete Telephone Bell Replacement Circuit with Minimum 
External Components 


BIPOLAR LINEAR/I2L 


@ On-Chip Diode Bridge and Transient Protection 
@ Direct Drive for Piezoelectric Transducers 


@ Base Frequency Options—MC34012-1: 1.0 kHz 
MC34012-2: 2.0kHz 
MC34012-3: 500 Hz 


@ Input Impedance Signature Meets Bell and EIA Standards 


@ Rejects Rotary Dial Transients 


PLASTIC PACKAGE 
CASE 626 


APPLICATION CIRCUIT 


C 
1 
+ 25V 
” | ed 


Piezo Sound 
Element 


MC34012-1: C = 1000 pF 
MC34012-2: C= 500 pF 
MC34012-3: C = 2000 pF 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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APPLICATION CIRCUIT PERFORMANCE 


Output Tone Frequencies 
MC34012-1 - 832/1040 
MC34012-2 1664/2080 
MC34012-3 416/520 
Warble Frequency 


Output Voltage 


Output Duty Cycle 


Maximum ac Input Voltage (< 68 Hz) 


Impedance When Ringing 
V| = 40 Vrms: 15 Hz 
V\ = 130 Vims. 23 Hz 


Impedance When Not Ringing 
Vv = 10 Vrms. 24 Hz 
V\ = 2.5 Vrms: 24 Hz 
Vi = 10 Vems, 5.0 Hz 
Vi = 3.0 Vems, 200-3200 Hz 


Maximum Transient Input Voltage 
(T< 2.0 ms) 


PIN DESCRIPTIONS 


Description 


The input terminals to the full-wave diode bridge. The ac ringing signal from the telephone line 
energizes the ringer through this bridge. 


The positive output of diode bridge to which an external current sense resistor is connected. 
The positive supply terminal for the oscillator, frequency divider and output buffer circuits. 


The terminal for the filter capacitor used in detection of ringing input signals. 


The tone ringer output terminal through which the sound element is driven. 


The negative output of the diode bridge and the negative supply terminal of the tone generating 
circuitry. 


The oscillator terminal for the external resistor and capacitor which control the tone ringer 
frequencies. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Ringing Start Voltage 
(VStart = Vj @ Ring Start) 
Vi > 0 VStart(+) 
Vi<0 | Vstart(-) 


Ringing Stop Voltage 
(VStop = Vi @ Ring Stop) 
MC34012-1 
MC34012-2 
MC34012-3 


Output Frequencies (Vj = 50 V) 
MC34012-1 High Tone 
Low Tone 
Warble Tone 
MC34012-2 High Tone 


Low Tone 
Warble Tone 
MC34012-3 High Tone 
Low Tone 
Warble Tone 


Output Voltage (Vj = 50 V) 
Output Short-Circuit Current 


Input Diode Voltage 
(lj = 1.0 mA) 

Input Voltage—SCR Off 
(lj = 30 mA) 

Input Voltage—SCR On 
(lj = 100 mA) 


Threshold Filter Resistance 
Ree = 2.0 V/IpF 


BLOCK DIAGRAM 


C3 
R3 C4 
Sesseeliemanetlliemenntiiommetionmmetitanenetiommndtitomentitemestieedinesnt O O-~ —— ——O Be —_-__ 

R1 C1 Diode Bridge RI RF . 

AC 4 | 

| | 

Ri |= | 
n O 

se AC2 | 

| eon 22V Threshold | 

| Transient Comparator | 

| i | 

Tone ' | 

: Oscillator Frequency ! 


Divider ed RO 
Output Buffer | Piezo 
| + | = | |. Sound 
| 
Warble | Element 


Frequency Divider RG = | \7 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-87 


MC34012-1, MC34012-2, MC34012-3 


CIRCUIT DESCRIPTION 


The MC34012 Tone Ringer derives its power supply by 
rectifying the ac ringing signal. It uses this power to 
activate a tone generator and drive a piezo-ceramic 
transducer. The tone generation circuitry includes a 
relaxation oscillator and frequency dividers which 
produce high and low frequency tones as well as the 
tone warble frequency. The relaxation oscillator fre- 
quency fg is set by resistor R2 and capacitor C2 
connected to pin RC. The oscillator will operate with fo 
from 1.0 kHz to 10 kHz with the proper choice of external 
components (See Figure 1). 

The frequency of the tone ringer output signal at pin 
RO alternates between f 9/4 to fg/5. The warble rate at 
which the frequency changes is fp9/320 for the 
MC34012-1, fo/640 for the MC34012-2, or fo/160 for 
the MC34012-3. With a 4.0 kHz oscillator frequency, the 
MC34012-1 produces 800 Hz and 1000 Hz tones with a 
12.5 Hz warble rate. The MC34012-2 generates 1600 Hz 
and 2000 Hz tones with a similar 12.5 Hz warble 
frequency from an 8.0 Hz oscillator frequency. The 
MC34012-3 will produce 400 Hz and 500 Hz tones with 
a 12.5 Hz warble rate from a 2.0 kHz oscillator frequency. 
The tone ringer output circuit can source or sink 20 mA 
with an output voltage swing of 20 volts peak-to-peak. 
Volume control is readily implemented by adding a 
variable resistance in series with the piezo transducer. 

Input signal detection circuitry activates the tone 
ringer output when the ac line voltage exceeds 
programmed threshold level. Resistor R3 determines the 
ringing signal amplitude at which an output signal will 
be generated at RO. The ac ringing signal is rectified by 
the internal diode bridge. The rectified input signal 


FIGURE 1 — OSCILLATOR PERIOD (1/f,) versus 
OSCILLATOR R2 C2 PRODUCT 


NEGEREER 
EL GSRERRRE 


TNE ETT 
ae eer eel ee 


R2C2 (us) 


produces a current through R3 which is input at terminal 
Rl. The voltage across resistor R3 is filtered by capacitor 
C3 at the input to the threshold circuit. When the voltage 
on capacitor C3 exceeds 1.7 volts, the threshold com- 
parator enables the tone ringer output. Line transients 
produced by pulse dialing telephones do not charge 
capacitor C3 sufficiently to activate the tone ringer 
output. 

Capacitors C1 and C4 and resistor R1 determine the 
10 volt, 24 Hz signature test impedance. C4 also provides 
filtering for the output stage power supply to prevent 
droop in the square wave output signal. Six diodes in 
series with the rectifying bridge provide the necessary 
non-linearity for the 2.5 volt, 24 Hz signature tests. 

An internal shunt voltage regulator between the RI 
and RG terminals provides dc voltage to power output 
stage, oscillator, and frequency dividers. The dc voltage 
at Rl is limited to approximately 22 volts in regulation. To 
protect the IC from telephone line transients, an SCR is 
triggered when the regulator current exceeds 50 mA. 
The SCR diverts current from the shunt regulator and 
reduces the power dissipation within the IC. . 


EXTERNAL COMPONENTS 


Line input resistor. R1 controls the tone 
ringer input impedance. It also influences 
ringing threshold voltage and limits current 
from line transients. 

(Range: 2.0 kN to 10 kM). 


Line input capacitor. C1 ac couples the tone 
ringer to the telephone line and controls 
ringer input impedance at low frequencies. 


(Range: 0.4 uF to 2.0 yF). 
R2 Oscillator resistor. 
, (Range: 150 kN to 300 kN). 
C2 Oscillator capacitor. 
(Range: 400 pF to 2000 pF). 


Input current sense resistor. R3 controls the 
ringing threshold voltage. Increasing R3 
decreases the ring-start voltage. 

(Range: 0.8 kQ to 2.0 kQ). 


Ringing threshold filter capacitor. C3 filters the 
ac voltage across R3 at the input of the ringing 
threshold comparator. It also provides dialer 
transient rejection. 

| (Range: 0.5 wF to 5.0 pF). 


Ringer supply capacitor. C4 filters supply 
voltage for the tone generating circuits. It also 
provides an ac current path for the 10 Vrms 
ringer signature impedance. 

(Range: 1.0 uF to 10 pF). 
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FIGURE 2 — TEST ONE 


MC34012-1: C = 1000 pF* 
MC34012-2: C = 500 pF* 
MC34012-3: C = 1000 pF* 


0.047 pF 
Vo 


S$] 


. Increase Vj from +30 volts while monitoring 
(Normally open) 


Vo. VStart(+) equals Vj when Vo commences 
switching. 

. Decrease V; from -30 volts while monitoring 
Vo- VStart(-) equals Vj when Vo commences 
switching. 

. Decrease V| from +40 volts while monitoring 
Vo- VStop equals Vj when Vo ceases 
switching. 

. Set V; to +50 volts. Close S1. Measure 
frequencies fy, fi, and fw. 


0.1 pF 


51k 


IC1—MC14011B 
IC2—MC14538B 
Vpp = 12V 
MC34012-1: R=110kN* 
*Indicates 1% tolerance MC34012-2: R= 55 k0* 
(5% otherwise) MC34012-3: R=110kN* 
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FIGURE 3 — TEST TWO 


With Vprc = 3.5 volts, close S1. Measure the 
current at Pin 4 (lo). Repeatedly switch Vac 
between 3.5 volts and 0 volts until Pin 4 current 
changes polarity. Measure this opposite polarity 


12V 
i current (I9Q). 


Calculate: 


10V : 
—— lo=llo1! +i loal 


MC34012-1: C = 1000 pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000 pF* 


*Indicates 1% tolerance (5% otherwise) 


FIGURE 4 — TEST THREE 


Measure voltage at Pin 2. 


MC34012-1: C = 1000 pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000 pF* 


*Indicates 1% tolerance (5% otherwise) 
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FIGURE 5 — TEST FOUR 


a. Set lj to 30 mA. Measure voltage at Pin 2 
(Voff)- 


b. Set |; to 100 mA. Measure voltage at Pin 2 
0.01 ywF (Von). 


MC34012-1: C = 1000 pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000 pF* 


*Indicates 1% tolerance (5% otherwise) 


FIGURE 6 — TEST FIVE 


Measure current into Pin 7 (IpF). 
Calculate: 


Rae = 2 volts + IRF 


MC34012-1: C = 1000 pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000 pF* 


*Indicates 1% tolerance (5% otherwise) 
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FIGURE 7 — TEST SIX 


With Vrc = 3.5 volts, close S1. Set Vj to 50 
volts. Measure dc voltage at Pin 4 (V4). 
Repeatedly change Vpac between 3.5 volts and 
O volts until Pin 4 changes state. Measure the 
new voltage at Pin 4 (Vo9). 

Calculate the peak-to-peak output voltage: 


VoOp-p =! Vo2 - Vo1l 


MC34012-1: C = 1000 pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000 pF* *Indicates 1% tolerance (5% otherwise) 
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Product Preview 


SPEECH NETWORK 
AND 
TONE DIALER 


TELEPHONE SPEECH NETWORK AND TONE DIALER 
Linear/2L Technology Provides Low 1.4 Volt Operation in Both BIPOLAR LINEAR/IZL 
Speech or Dialing Modes 


Speech Network Provides 2—4 Wire Conversion with Adjustable 
Sidetone Utilizing am Electret Microphone 


DTMF Generator Uses Low-Cost Ceramic Resonator with Ac- 
curate Frequency Synthesis Technique 


Speech Network Operational with Loop-Currents from 6.0 mA 
to 120 mA 


Dialer Mutes Speech Network with Internal Delay for Click 


Suppression on DTMF Key Release P SUFFIX 


PLASTIC PACKAGE 
CASE 710-02 


DTMF Pad MC34013 APPLICATION CIRCUIT 
Row-Column Switch Closure 


@ Electret MIC. 


*RX used with 2-Technical mike only. 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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MOTOROLA 


Product Preview | 


TELEPHONE 
TONE DIALER 


INTEGRATED TONE DIALER 


e Low Voltage Operation 
@ On-Chip Filter Provides Low Distortion 
@ Inexpensive Ceramic Resonator Oscillator 


BIPOLAR LINEAR/IZL 


Direct Muting of Receiver with Internal Click Suppression Delay - 
Accurate Frequency Synthesis 

Tone Disable Capability — 

Industry Standard Pinout 


P SUFFIX 
‘PLASTIC PACKAGE 
CASE 648 


FIGURE 1 — BLOCK DIAGRAM 


R4 Osc Out Osc In Vcc 
1 


Static 
Protection 


Row D/A 
Counter Converter 


Chip 
Disable 


- Column 
Counter Converter 


C1 C2 C3 C4 RXMT ‘Veg 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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(AA) MOTOROLA MC34017 


Product Preview 


TELEPHONE 
TONE RINGER 
TELEPHONE TONE RINGER 


Complete Telephone Bell Replacement Circuit with Minimum 
External Components 


BIPOLAR LINEAR/I2ZL 


On-Chip Diode Bridge and Transient Protection 
Direct Drive for Piezoelectric Transducers 


Base Frequency Options — MC34017-1: 1.0 kHz 
MC34017-2: 2.0 kHz 
MC34017-3: 500 Hz 


Input Impedance Signature Meets Bell and EIA Standards 
Rejects Rotary Dial Transients 


Push-Pull Output Stage for Greater Output Power Capability P1 SUFFIX 


PLASTIC PACKAGE 
CASE 626 


APPLICATION CIRCUIT 


Piezo Sound 
Element 


MC34017-1: C = 1000 pF 
MC34017-2: C = 500 pF 
MC34017-3: C = 2000 pF 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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(AA) MOTOROLA 


Advance Information 


DUAL INDEPENDENT DIFFERENTIAL AMPLIFIER 


The CA3054 consists of two independent differential amplifiers 
with associated constant-current transistors on a common monolithic 
substrate. The six NPN transistors which comprise the amplifiers are 
general purpose devices useful from dc to 120 MHz. 

The monolithic construction of the CA3054 provides close 
electrical and thermal matching of the amplifiers which makes 


this device particularly useful in dual channel applications where 
matched performance of the two channels is required. 


@ Two differential amplifiers on acommon substrate 
@ Independently accessible inputs and outputs 


@ Maximum input offset voltage — +5 mV 


MAXIMUM RATINGS 


VCEO 


VCBO 


; 


2 


o 

jo) 
< 
Q 
re 


Collector-Substrate Voltage 


Collector Current — Continuous 
Junction Temperature 150 


Operating Temperature Range -~40 to +85 


Storage Temperature Range | Tstg -65 to +150 


15 

0 
20 
50 


PIN CONNECTIONS 


Pin 5 is connected to substrate. 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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CA3054 


GENERAL PURPOSE 
TRANSISTOR ARRAY 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


CASE 646-05 


CA3054 


ELECTRICAL CHARACTERISTICS (Tq = 25°C, unless otherwise noted). 


STATIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 


Input Offset Current 
(Vcg = 3.0 Vde) 

Input Bias Current 
(Vcp = 3.0 Vde) 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


Base-Emitter Voitage 
(Vcg = 3.0 Vde, Io = 50 nA) 

(Vcp = 3.0 Vdc, I¢ = 1.0 mA) 
(Vcp = 3.0 Vde, fc = 3.0 mA) 
(Vcp = 3.0 Vde, I¢ = 10 mA) 

Collector Cutoff Current 
(Vop = 10 Vdc, Ig = 0) 

Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mA) 

Collector-Base Breakdown Voltage 
(I¢ = 10 nA) 

Collector-Substrate Breakdown Voltage 
(ic = 10 uA) 

Emitter-Base Breakdown Voltage 
(ie = 10 pA) 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-4 


(AA) MOTOROLA 


Advance Information 


PHASE-LOCK LOOP 
FM STEREO DEMODULATOR 


...a monolithic device using 12L and ION Implant technology for 
use in solid-state stereo receivers. 


Requires No Inductors 
Low External Part Count 
Excellent Channel Separation Without Adjustment 


Only Single Potentiometer Oscillator Frequency Adjustment 
Necessary 


50 mA Lamp or LED Driving Capability With Current Limiting 

Automatic, Transient-Free Stereo/Mono Switching 

Wide Dynamic Range: 0.25-1.7 V(p-p) Composite Input Signal 

Wide Supply Range: 4.5-16 Vdc 

Low Distortion: Typically 0.08% at 850 mV(p-p) Composite 
Input Signal 

Excellent SCA Rejection 

Gain Adjustable By Changing Load Resistors 


FIGURE 1 — TYPICAL APPLICATION AND TEST CIRCUIT 


Pin Functions 


Pint =Vcc Pin 8 = Switch Filter 

Pin 2 = Input Pin 9 = Switch Filter 

Pin 3 = Amplifier Output Pin 10 = 19 kHz Output 

Pin 4 = Left Channel Output Pin 11 = Modulator Input 

Pin 5 = Right Channel Output Pin 12 = Loop Filter 

Pin 6 = Lamp Indicator Pin 13 = Loop Filter 

Pin 7 = Ground Pin 14 = Oscillator RC Network 


Parts List 


C1=2.0uF C8=0.25 uF roe rt g 
C2=0.022"F R1=3.3k2 Input @—}+—_+ — 


C3 =0.022 uF R2=3.3k 
C4=0.25 uF R3=1.0k2 
C5=0.05 pF R4=16k 
C6=0.5uF RS5=5.0k2 
C7 = 470 pF 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 


MC1309 


PHASE-LOCK LOOP 
FM STEREO 
DEMODULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


19 kHz 
Output 


C5 


MC1309 


lel 


Left Right 
Channel Channel 
Output Output 
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MC1309 


MAXIMUM RATINGS (Tp = +25° unless otherwise noted.) 


Power Supply Voltage 


Lamp Current 


: 
Junction Temperature aS, ee Eee (eel 
Operating Temperature Range (Ambient) 

| Storage Temperature Range ec 


ELECTRICAL CHARACTERISTICS Unless otherwise noted: Vcc = +9 Vdc, Ty = +25°C, 1.7 Vip-p) standard multiplex composite 
signal with L or R channel only modulated at 1.0 kHz and with 10% pilot level for stereo tests: 1.7 V(p-p) 1 kHz input signal for monaural 
tests; using circuit in Figure 1. 


Characteristic 


Current Drain 
Maximum Standard Composite Input Signal (0.5% THD) * 

(Voc =9.0 Vv) 
(Vec =60 V) 
Maximum Monaural Input Signal (1.0% THD)* 
(Vec =9.0 V) 
(Vcc = 6.0 V) 
Channel Balance 


(Vin = 0.85 V[p-p] ) 
Monaural THD 0.08 % 


(Vin = 0.85 V[p-p] 
Channel Separation 
(f = 100 Hz) 

(f = 1.0 kHz) 
(f = 10 kHz) 
Monaural Gain 


Input Impedance 


Ultrasonic Frequency Rejection 19 kHz 
, 38 kHz 


SCA Rejection 


Stereo Switch Level 
Lamp “On” 
Lamp “‘Off” 


Mono/Stereo Switching Transient — No Lamp 


Capture Range 
(Pilot = 60 mV [RMS] ) 


*THD and Channel Separation are measured after a Bandpass Filter (200 Hz-10 kHz), unless otherwise specified. 
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ORDERING INFORMATION MC1310P 


Device Temperature Range Package 
MC1310P —40°C to +85°C Plastic DIP 


Specifications and Applications 
Information | 


FM STEREO 
DEMODULATOR 


FM STEREO DEMODULATOR SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


_. a monolithic device designed for use in solid-state stereo receivers. 
Requires no Inductors 
Low External Part Count 
Only Oscillator Frequency Adjustment Necessary 
Integral Stereo/Monaural Switch 75 mA Lamp Driving Capability 


Wide Dynamic Range: 0.5—2.8 V(p-p) Composite 
Input Signal 


Wide Supply Range: 8—14 Vdc 


Excellent Channel Separation Maintained Over Entire Audio 
Frequency Range 


Low Distortion: Typically 0.3% THD at 560 mV (RMS) 
Composite Input Signal 


Excellent SCA Rejection 
CASE 646-05 


FIGURE 1 — TYPICAL APPLICATION AND TEST CIRCUIT 


R3 C6 


Pin Functions 
Pin1=Vcoc Pin 8 = Switch Filter 
Pin 2 = Input Pin 9 = Switch Filter C5 
Pin 3 = Amplifier Output Pin 10 = 19 kHz Output 
Pin 4 = Left Channel Output Pin 11 = Modulator Input 413 12 
Pin 5 = Right Channel Output Pin 12 = Loop Filter t l ei 
Pin 6 = Lamp Indicator Pin 13 = Loop Filter 
Pin 7 = Ground Pin 14 = Oscillator RC Network 
MC1310 


Parts List 


C1=2.0uF C8=0.25 uF ° ° ° 
C2=0.02uF R1=3.9k2 

C3=0.02"uF R2=3.9k2 — 

C4=0.25uF R3=1.0k2 

C5=0.05 uF R4=16kQ 

C6=O0.5uF R5=5.0k2 

C7 = 470 pF 


Left Right 
Channel Channel 
Output Output 
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MC1310P 


MAXIMUM RATINGS (Ty = +25° unless otherwise noted.) 


Power Supply Voltage 


Lamp Current 


Power Dissipation 


(Package limitation) 
Derate above Ta = +25°C 


Operating Temperature Range (Ambient) 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS Unless otherwise noted; Vcc = +12 Vdc, Ta = +25°C, 560 mV(RMS) (2.8 V[p.p}) standard 
multiplex composite signal with L or R channel only modulated at 1.0 kHz and with 100 mV(RMS) pilot level (10%), using circuit of Figure 1. 


Characteristic 


Maximum Standard Composite Input Signal (0.5% THD) 


Maximum Monaural Input Signal (1.0% THD) 


Total Harmonic Distortion 


Ultrasonic Frequency Rejection 19 kHz 
38 kHz 
Inherent SC A Rejection 


(f = 67 kHz; 9.0 kHz beat note measured 
with 1.0 kHz modulation ‘‘off’’) 


Stereo Switch Level 
19 kHz input level for lamp ‘‘on” 
19 kHz input level for lamp “off” 


Current Drain (lamp ‘‘off’’) 
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FIGURE 2 — CIRCUIT SCHEMATIC 


Modulator Loop 
Input Filter 
Ampl : Ntwk 
Vec Output 93 9 139912 014 
eee Se, 


eral a eee 
, Pe 
aa 


Fey ic Tp] fleece | 


ceed a 


64 65 94 48 56 
Left Channel Right Channel Ss ~ h Lamp 
Output Output ; sie Indicat 


a i 
ac aaa 
LE , ae 
ne. SS = 
ln 


dOLELIDIN 


MC1310P 


TYPICAL CHARACTERISTICS 
Unless otherwise noted: Vcc = +12 Vdc, Ta = +25°C; 560 mV(RMS) (2.8 V{p-p] ) standard multiplex 
composite signal with L or R channel only modulated at 1.0 kHz and with 100 mV(RMS) 
pilot level (10%), using circuit of Figure 1. 
FIGURE 3 — CHANNEL SEPARATION versus 
COMPOSITE INPUT LEVEL FIGURE 4 — CHANNEL SEPARATION versus FREQUENCY 


CHANNEL SEPARATION (dB) 
CHANNEL SEPARATION (dB) 


100 200 500 «= 1.0k 2.0k 50k 10k 20k 50 k 
FREQUENCY (Hz) 


FIGURE 5 — CHANNEL SEPARATION versus FIGURE 6 — CHANNEL SEPARATION versus 
VCO FREE-RUNNING FREQUENCY SUPPLY VOLTAGE 
a or i ai TI 
g mine eel ag ed Vin= 28 View) 
a4 = 
a oe a aes a 
E L F 40 —— 
: | = en oa 
: ees < 
Lhd us 
: ae | yee eee 
: in ae aio oh 
Pad a2 
xt x 
g roe | = || 
Pe Ke = | 
ci f 
18.2 18.6 19 19.4 19.8 8.0 10 14 
VCO FREE-RUNNING FREQUENCY (kHz) SUPPLY VOLTAGE (Vdc) 


FIGURE 8 — DISTORTION versus FREQUENCY * 


DISTORTION (%) 


= 2. ( 7 ) 
+H | i 
I ; 


: ae 

i 

oe 

a oe 
5 


0 
50 100 200 500 10k 20k 50k 10k 20k 50k 
FREQUENCY (Hz) 


*Measured with Low Pass Filter (BW = 15 kHz). 
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MC1310P 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 — VCO FREE-RUNNING FREQUENCY 
FIGURE 9 — DISTORTION versus FREQUENCY* versus TEMPERATURE 


- ge | 
; oe SC 8 a 
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= FILTER NETWORK TM TTT > PN 
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ett HH 
Ww 
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aa ez 
‘al Ue —_ AT Zt = 
Cc i Tht mee EH Vin = 1.5 vale S 18.6 
OL Ll ae LIU | 
50 100 200 500 10k 20k 50k 10k 20k 50k 55  -35 15 $5.0 #25 +45 485 $85 +108 


FREQUENCY (Hz) TEMPERATURE (°C) 


FIGURE 12 — PILOT LEVEL REQUIRED FOR VCO LOCKUP 
FIGURE 11 — CURRENT DRAIN versus SUPPLY VOLTAGE versus VCO FREE-RUNNING FREQUENCY 


- i | ee | OG a | 
: LL ears fT I 
a ea al) wie 
& fe A 
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es = ered 
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Zi S 
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3 12.5 20 
iva) 

12 0 

18 18.5 19 19.5 20 
SUPPLY VOLTAGE (Vdc) VCO FREE-RUNNING FREQUENCY (kHz) 


*Measured with Low Pass Filter (BW = 15 kHz) 


“FIGURE 13 — SYSTEM BLOCK DIAGRAM 


38 
Modulator a Pass ee 
waa . 19 kHz 
Quadrature 


Low Pass ; Stereo L 


Outputs 


= External to Decoder 
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MC1310P 


APPLICATIONS INFORMATION (continued) 


additional lead of 3.5° (for C5 = 0.05 uF) giving a total 
lead of 5.59. | 

The circuit is so designed that phase lag may be 
generated by adding a capacitor from pin 3 to ground. 
The source resistance at this point is 500 ohms. A 
capacitance of 820 pF compensates the 5.5° phase lead: 
increase above this value causes the regenerated sub- 
carrier to lag the original. However, a 5.5° phase error 
if left noncompensated will not degrade separation 
appreciably. 

Note that these phase shifts occur within the phase- 
locked loop and affect only the regenerated 38-kHz 
sub-carrier: the circuit causes no significant phase or 
amplitude variation in the actual stereo signal prior to 
decoding. 

Most IF amplifiers have a frequency response that 
limits separation to a value significantly lower than the 


capability of the MC1310. For example, if the response . 


produces a 1-dB roll-off at 38 kHz, the separation will be 
limited to about 32 dB. This error can be compensated 
by using an RC lead network as shown in Figure 14. 
The exact values will be determined by the IF amplifier 
design. However, the values shown in Figure 14 are 
suitable for use with the MC1357 and MC1375 IF 
amplifiers. 


FIGURE 14 — IF COMPENSATION NETWORK 


From FM To MC1310 


Demodulator Input 


Voltage Control Oscillator Compensation 


Figure 10 illustrates noncompensated Oscillator Drift 
versus temperature. The recommended Tc of the R4, R5, 
C7 combination is -300 PPM. This will hold the 
oscillator drift to approximately +1% over a temperature 
range of -40 to +85°C. Allowing +2% for aging of the 
timing components acceptable performance is still ob- 
tained. 


Lamp Sensitivity 


It may be desirable in some cases, to change the lamp 
sensitivity due to differing signal levels produced by 
various FM detectors. The lamp sensitivity can be 
changed by making use of the external circuit shown. 
Typical sensitivities versus potentiometer rotation are 
also shown in Figure 15. 


FIGURE 15 — PILOT SENSITIVITY versus 
POTENTIOMETER ROTATION 


PIN 8 


100 k* 


*1% RESISTORS 


PILOT LEVEL (mV[RMS}) 


0 
FULL CW CENTER FULL CCW 
R (POTENTIOMETER ROTATION) 


Alignment Procedure 


The optimum alignment procedure, with no input 
signal applied, is to adjust R5 until 19.00 kHz is read at 
pin 10 on the frequency counter. 

Another procedure requiring no equipment, other 
than the receiver itself, will result in separation of 
within a few dB of optimum. This latter method is 
merely to tune the receiver to a stereo broadcast and 
adjust R5 until the pilot lamp turns ‘‘on’’. To find the 
center of the lock-in range, rotate the potentiometer 
back and forth until the center of the lamp ‘‘on’”’ range 
is found. This completes the alignment. 


Alternate Timing Network 


The alternate timing network shown, incorporating a 
trimmer capacitor rather than a potentiometer, may be 
used if desired. Again, to provide correct temperature 
compensation, the temperature coefficient of the timing 
network must be approximately -300 PPM. 


FIGURE 16 


7-100 pF 


Maximum Load Resistance 


The curve shown gives absolute maximum load re- 
sistance values versus supply voltage used for full-signal 
handling capability. With desired load resistance choose 
C2, C3 capacitors to provide standard 75 us de-emphasis. 
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MC1310P 


CIRCUIT OPERATION 


Figure 13, on the previous page, shows the system 
block diagram. The upper line, comprising the 38-kHz 
regeneration loop operates as follows: the internal os- 
cillator running at 76-kHz and feeding through two 
divider stages returns a 19-kHz signal to the input mod- 
ulator. There the returned signal is multiplied with the 
incoming signal so that when a 19-kHz pilot tone is 
received a dc component is produced. The dc component 
is extracted by the low pass filter and used to control 
the frequency of the internal oscillator which con- 
sequently becomes phase-locked to the pilot tone. With 
the oscillator phase-locked to the pilot the 38-kHz out- 
put from the first divider is in the correct phase for de- 
coding a stereo signal. The decoder is essentially another 
modulator in which the incoming signal is multiplied by 


the regenerated 38-kHz signal. The regenerated 38-kHz 
signal is fed to the stereo decoder via an internal switch, 
which closes when a sufficiently large 19 kHz pilot tone 
is received. 

The 19-kHz signal returned to the 38-kHz regeneration 
loop modulator is in quadrature with the 19-kHz pilot 
tone when the loop is locked. With the third divider 
state appropriately connected, a 19-kHz signal in phase 
with the pilot tone is generated. This is multiplied with 
the incoming signal in the stereo switch modulator 
yielding a dc component proportional to the pilot tone 
amplitude. This component after filtering is applied to 
the trigger circuit which activates both the stereo switch 
and an indicator lamp. 


APPLICATIONS INFORMATION 


(Component numbers refer to Figure 1) 


External Component Functions and Values 


C1 Input coupling capacitor; 2.0 uF is 
recommended but a lower value is 
permissible if reduced separation at low 


’ frequencies is acceptable. 
R1,R2,C2, C3 
C4 


See Maximum Load Resistance section. 


Filter capacitor for stereo switch level 
detector; time constant is C4 x 53 
kilohms +30%, maximum dc voltage 
appearing across C4 is 0.25 V (pin 8 
positive) at 100 mV(RMS) pilot level. 
The signal voltage across C4 is neg- 
ligible. 

C5 


R3, C6, C8 


See Phase Compensation section. 


Phase-locked loop filter components; 
the following network is recommended: 


C6 
0.5 pF 


12 13 


cs 
0.25 uF 


When less performance is required a 
simpler network consisting of R3 = 100 
ohms and C6 = 0.25 uF may be used 
(omit C8). See Figure 9. 


Oscillator timing 
mended values: 
C7 = 470 pF 

R4= 16 kQ2 
R5=5kQ 


R4, R5, C7 network; recom- 
1% 

1% 

Preset 


These values give +3.5% typical capture 
range. Capture range may be increased 
by reducing C7 and increasing R4, R5 
proportionally but at the cost of in- 
creasing beat-note distortion (due to 
oscillator-phase jitter) at high-signal 
levels. See Figure 12. 


Nominal rating up to 75 mA at 12 V; 
the circuit includes surge limiting which 
restricts cold-lamp current to approx- 
imately 250 mA. 


A buffer output providing a 3.0-Viok 
square wave at 19 kHz is available at 
pin 10. A frequency counter may be 
connected to this point to measure the 
oscillator free-running frequency for 
alignment. See Alignment section. 


Stereo Lamp 


19-kKHz Output 


External Monaural/Stereo Switching 


If it is desired to maintain the circuit in monaural 
mode, the following procedure must be followed. First, 
the stereo switch must be disabled to prevent false lamp 
triggering. This can be accomplished by connecting pin 8 
negative or pin 9 positive by 0.3 volt. Pin 8 may be 
grounded directly if desired. Note that the voltage across 
C4 increases to approximately 2 volts with pin 9 positive 
when pin 8 is grounded. 

Second, the 76-kHz oscillator must be killed to 
prevent interference when on AM. This can be ac- 
complished by connecting pin 14 to ground via a current 
limiting resistor (3.3 kilohms is recommended). 


Phase Compensation/IF Roll-off Compensation 


Phase-shifts in the circuit cause the regenerated 38- 
kHz sub-carrier to lead the original 38 kHz by approx- 
imately 29. The coupling capacitor C5 generates an 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-13 


MC1310P 


APPLICATIONS INFORMATION. (continued) 


FIGURE 17 — MAXIMUM LOAD RESISTANCE Capture Range versus Timing Components 

versus SUPPLY VOLTAGE The capture range can be changed to some extent by 
use of different timing components. Typical values are 
shown in Figure 12. 


Composite Signal 


Due to confusion concerning the measurement of the 
stereo composite signal, a curve showing both RMS and 
p-p composite levels versus pilot level follows, see 
Figure 18. 


FIGURE 18 — COMPOSITE LEVEL versus PILOT 
(L or R Modulation Only) 


MAXIMUM LOAD RESISTANCE (kQ) 


8.0 10 12 14 
SUPPLY VOLTAGE (Vdc) 


Audio Output 


p-p audio output (one-channel) 
The ratio G = ————_—_—__________ for 
p-p input signal 


COMPOSITE SIGNAL [V{p-p)] 


COMPOSITE SIGNAL (mV [RMS] ) (TRUE RMS) 
S 


; Sas 

different types of input is as follows: 50 a PY Io art aaa 

INPUT es es 27 Ae ot 4 U6 
sete dete | : , — | 
ingle-Channe onaura 

Chan | py eee 7400 anal oe Coit - 

iy | LH (CC 

0.45 0.5 FS aaa me! 
These figures are for 3.9-kilohm load resistors and for mae 7 ae LEVEL auc oe ee 
low-audio frequencies where de-emphasis roll-off is 


insignificant. 
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ORDERING INFORMATION MC1327 


Device Temperature Range Package 


MC1327P —20°C to +75°C Plastic DIP 


Advance Information DUAL DOUBLY BALANCED 


CHROMA DEMODULATOR 


for PAL or NTSC 

DUAL DOUBLY BALANCED CHROMA 
DEMODULATOR WITH RGB MATRIX, PAL 
SWITCH, AND CHROMA DRIVER STAGES 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


..a monolithic device designed for use in solid-state color television 
receivers, 


® Good Chroma Sensitivity — 0.28 Vp-p Input Typical 
for 5.0 Vp-p Output 


Low Differential Output DC Offset Voltage — 0.6 V Maximum P SUFFIX 


Differential DC Temperature Stability — 0.7 mV/°C PLASTIC PACKAGE 


High Blue Output Voltage Swing — 10 Vp-p Typical CASE 646-05 


Blanking Input Provided 
Luminance Bandwidth Greater than 5.0 MHz 


FIGURE 1 — TYPICAL APPLICATION CIRCUIT 


6.8 k, 10 W, 5% 
LUMINANCE SIGNAL Y 
INPUT é 
MPSU10 


1V— 
SJ LUELIL | OR EQUIV 


0.047 uF 


I 
GREEN CATHODE 


MPs6544 ae ae 
OR EQUIV 
1.2k 


12 
O 
REFERENCE 
SIGNAL MC1327 
5 


REFERENCE 
SIGNAL 


MPSU10 
OR EQUIV 


MPS6544 
OR EQUIV 
2x470 gH 
220 pF 


6.8k, 10 W, 5% 


0.22 uF 0.01 uF 0.01 uF 920 yi 


i BLUE sade 
= mPS6544 L Joc BIAS 
OR EQUIV rs 25k 
a 
R-Y B-Y 


CHROMA SIGNAL i 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-15 


MC1327 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


: 
| 
: x 


Power Dissipation (Package Limitation) 
Plastic Packages 
Derate above Ta = +25°C 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ry = 3.3 k ohms, Ta = +25°C unless otherwise noted) 


P haracteristio Tino | Min | typ | Max | Unit _| 


STATIC CHARACTERISTICS 
A 


Quiescent Output Voltage 1,2,4 13.2 
(See Figure 2) 
Quiescent Input Current from Supply (Figure 2) m 
(Ae e) = 7.5 = 
(Ri = 3.3 k ohms) | 16 19 26 


Reference input DC Voltage (Figure 2) SEE ee Ye 


Chroma Reference Input DC Voltage (Figure 2) 


Differential Output Voltage 
(See Note 1 and Figure 2) 


Differential Output Voltage 
Temperature Coefficient (See Note 1 and Figure 2) 
(+25°C to +65°C) 


Output Voltage Temperature Coefficient 
(See Note 1 and Figure 2) 


(+25°C to +65°C) 


Blue Output Voltage Swing 
(See Note 2 and Figure 3) 


Chroma Input Voltage (B Output = 5.0 Vp-p) 
(See Note 3 and Figure 3) 


Luminance Input Resistance 


Luminance Gain From Pin 3 to Outputs 
(@ dc) 
(@ 5.0 MHz, reference at 100 kHz) 


Differential Luminance Gain, RGB Outputs 
(@ 5.0 MHz) 


Blanking Input Resistance 
(1.0 Vdc) 
(O Vdc) 


Detected Output Voltage (Adjust B Output to 5.0 Vp-p, Luminance 
Voltage = 23 V) 
(See Note 4) G Output 
R Output 


PAL Switch Operating Voltage Range 
(7.8 kHz Square Wave) 


R-Y Output de Offset with PAL Switch Operation 


Residual Carrier and Harmonics Output Voitage (with Input Signal 
Voltage, normal Reference Signal Voltage and B Output = 5.0 Vp-p) 


Reference Input Resistance (Chroma Input = 0) 


Reference Input Capacitance (Chroma Input = 0) 


Chroma Input Resistance 


Chroma Input Capacitance 


NOTES: 

1. Chroma Input Signal Voltage = 0 and normal Reference Input Signal Voltage = 1.0 Vp-p. 

2. With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voltage to 1.2 Vp-p. 

3. With normal Reference !nput Signal Voltage, adjust Chroma Input Signal Voltage until the Blue Output Voitage = 5.0 Vp-p. 
4, 


With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voitage until the Blue Output Voitage = 5.0 Vp-p. At this point, the 
Red and Green voltages will! fall within the specified limits. 
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MC1327 


TEST CIRCUITS 
(Voc = 24 Vde, Ry = 3.3 kilohms, Ta = +25°C unless otherwise noted) 


FIGURE 2 — DC OUTPUT VOLTAGE TEST CIRCUIT 


WITH NORMAL REFERENCE INPUT VOLTAGE 
(B, R, AND G) 


B-Y REFERENCE INPUT 
R-Y REFERENCE INPUT 


FIGURE 3 — DYNAMIC TEST CIRCUIT 


BLUE OUTPUT RED OUTPUT GREEN OUTPUT 


0.1 uF OV 
LUMINANCE INPUT L 


MC1327 


0.1 pF 
CHROMA 
INPUT Vcc 
+24V 


B-Y REFERENCE INPUT 
R-Y REFERENCE INPUT 


(——_———# PAL SWITCH SIGNAL 


0.047 uF 
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MC1327 


CHROMA. DEMODULATOR 


B-Y DC R-Y 
INJECTION INJECTION B-Y OUTPUT G-Y OUTPUT R-Y OUTPUT INJECTION 
013 O5 O04 01 O02 O 12 
100 100 100 


a4 


a2 Q3 
a eae el Fes > : 


5, Vcc 
3 10k (+24 Vde) 
LUMINANCE 4 ; 
INPUT 6.4k 13 k 
026 
12 pF 
20k 
12 pF 13 k 
|g 


| 3.6 k 


20k 
8 ok oak 2 O18 goa, = o.2ae 219 
2.0k 


a20 i 023 024 7 4.3k 
BLANKING wey =: 
INPUT 
34k 3.4k 3.0k 2.0k 
7 
O 
~ O8 610 69 611 
B-Y CHROMA CHROMA R-Y CHROMA PAL SWITCH SIGNAL 
DC 
REFERENCE 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1330A1P 0°C to +75°C Plastic DIP 
MC1330A2P O°C to +75°C Plastic DIP 


LOW-LEVEL VIDEO DETECTOR 


. an integrated circuit featuring very linear video character- 
istics and wide bandwidth. Designed for color and monochrome 
television receivers, replacing the third IF, detector, video buffer and 
AFC buffer. 


@ Conversion Gain — 33 dB (Typ) 
Excellent Differential Phase and Gain 
High Rejection of IF Carrier Feedthrough 
High Video Output — 8.0 V(p-p) 

Fully Balanced Detector 
Output Temperature Compensated 
Improved Versions of the MC 1330P 


CIRCUIT DESCRIPTION 


The MC1330A video detector is a fully balanced multiplier detec- 
tor circuit that has linear amplitude and phase characteristics. The 
signal is divided into two channels, one a linear amplifier and the 
other a limiting amplifier that provides the switching carrier for the 
detector. 

The switching carrier has a buffered output for use in providing 
the AFT function. 

The video amplifier output is an improved design that reduces 
the differential gain and phase distortion associated with previous 


video output systems. The output is wide band, > 8.0 MHz, with 
normal negative polarity. A separate narrow bandwidth, positive 
video output is also provided. 


FIGURE 1 — CIRCUIT SCHEMATIC 


MC1330A1P 
MC1330A2P 


LOW-LEVEL VIDEO 
DETECTOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 
CASE 626-04 


OUTPUT VOLTAGE SELECTION 
The MC1330A1P is identical to the MC1330A2P 
with the following exception: 


ZERO SIGNAL DC 
OUTPUT VOLTAGE 


7.0 to 8.2 Vde 
7.8 to 9.0 Vde 


MC1330A1P 
MC1330A2P 


O AFT 
BUFFER 
QUTPUT 


R26 
k R25¢ 2.5k 
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MC1330A1P, MC1330A2P 


MAXIMUM RATINGS 


Storage Temperature Range —65 to +150 °C 


MC1330A1P 
MC1330A2P 


Zero Signal dc Output Voltage 


Maximum Signal de Output Voltage 


Conversion Gain for 1.0 Vp-p Output 
(30% Modulation) 7 25 36 mVrms 


[APT Butfer Outout a anv Frequency ———SSSCSCSCSCSCSCS~dC 00 as | 080 | 


ee a 

Cee Sate Wen GRE 
Pt a) pe ees eet ote CRD 
fT Tt ETT Ed vec vee] TT 
Pe ee ad 
rt t Titi Tt Ta 
Te TE fen TT Avec = 20 vee! 


ATS CREE ETE EEARAN Mee meme Tome! Minton mere mem 


PT area 
OT ee NTT 
CET f Tec= ave NTT 


1.0 3.0 5.0 10 30 50 100 
FREQUENCY (MHz) 


FIGURE 2 — TEST FIXTURE CIRCUIT 


© 
a 


° 
= 


g11, b11 (mmhos) 


CARRIER 


o 
hm 


FIGURE 4 — VIDEO DETECTOR OUTPUT RESISTANCE 


Sees Memes 
A ee ee A 
EN ete Melee I ee 
ee aS 
a I 
ee Reel ee ee I 
ESR mee Saal 
BEB Selita Sees 
tt fT PA ee 
ee a ee 
0.1 0.3 0.5 1.0 3.0 9.0 10. 
VIDEO OUTPUT CURRENT, PIN 4 (mAdc) 


AFT OUTPUT 950 


L1,C1: See General Information Number 3, S 350 
page 5 of this specification. 


MOTOROLA LINEAR/INTERFACE DEVICES 
10-20 


MC1330A1P, MC1330A2P 


DESIGN CHARACTERISTICS (Vcc = +20 Vdc, Q = 40, fo = 45.75 MHz, Ta = +25°C unless otherwise noted) 


Characteristic 


Input Resistance 
Input Capacitance 


Internal Resistance (Across Tuned Circuit) 
Internal Capacitance (Across Tuned Circuit) 


Negative Video Output Bandwidth (Figure 10) 
Positive Video Output Bandwidth (Figure 10) 


Differential Phase @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin& 

Differential Gain @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin6 


Differential Phase @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 kN 

Differential Gain @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 kQ 


920 kHz Beat Output (dB Below 100% Modulated Video, See Figure 11) 
45.75 MHz = Reference 
42.17 MHz = - 6dB 
41.25 MHz = -20 dB 


Video Output Resistance @ 1 MHz, 2 mA 


Input Overload (Carrier Level at Input to 
Caused Detector Output, Pin 4, 
To Go Positive 0.1 Vde From 
Ground.) 


Power Supply Voltage Range 


MONITOR 


ic | ANZAC 
MO-141 
Lo 


4.4 mV 
INTO LOAD 
BOONTON 
91D 


J 
MODULATION 
ADJUSTMENT 

=—11V FOR 
100% 


30 dB 
75 2 
VARIABLE 
PAD 


H.P. 608E 


MODULATION 


TEKTRONIX 475 
OSCILLOSCOPE 


BALANCED 
MODULATOR 


45.75 MHz 
GENERATOR 


Vcc = 12 Vde 
Vcc = 15 Vde 
Vcc = 20 Vde 
Vcc = 24 Vde 


RF 


50 100mV INTO 
LOAD 


BOONTON 910 


ADJUST FOR 
0TO 3 V PEAK 
AT OUTPUT OF 
VIDEO DEMODULATOR 


10 dB 
50 2 
VARIABLE 
PAD 


2nd & 3rd 
HARMONIC 
TRAP 


WIDEBAND 
AMPLIFIER 
H.P. 8447F 
Ay = 26 dB 


VIDEO 
DEMODULATOR 
TEST 
FIXTURE 
Rioad = 3k TYP. 


Degrees 
% 
Degrees 
% 


LOW CAPACITANCE RESISTOR 
PROBE DIVIDER H.P. 10020A 


SIX STEP 
MODULATED 


STAIHEASE VECTOR SCOPE 
GENERATOR SUBCARRIER VECTOR SCOPE 
TEKTRONIX TEKTRONIX PREAMPLIFIER 


144 NTSC 520 NTSC 
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MC1330A1P, MC1330A2P 


TYPICAL CHARACTERISTICS 
(Voc = +20 Vde, Ta = +25°C Unless Otherwise Noted) 


RELATIVE ATTENUATION (dB) 


FIGURE 6 — OUTPUT VOLTAGE TRANSFER FUNCTION 


SUPPLY VOLTAGE (Vdc) 


FIGURE 10 — VIDEO OUTPUT RESPONSE 


PIN 4 — NEGATIVE VIDEO 


oan ant 


4.0 6.0 8.0 10 
VIDEO OUTPUT RESPONSE (MHz) 


12 


MOTOROLA LINEA 


FIGURE 7 — OUTPUT VOLTAGE TRANSFER FUNCTION 


8.0 8.0K —F 
\ Aa SEE FIGURE 6 a 
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CARRIER INPUT VOLTAGE (mV [rms] ) CARRIER INPUT VOLTAGE (mV [rms] } 
FIGURE 8 — OUTPUT VOLTAGE, SUPPLY CURRENT FIGURE 9 — AFT LIMITING 
10 26 
9.0 24 
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= 7.0 205 = 
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= 6.0 BX & 
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o 50 16 = a 
KS = 2 
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a CARRIER INPUT=50mVims)},, 2 on 
5 3.0 “| 122 > cc 
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1.0 8.0 < PERE | 
0 6.0 bd 
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CARRIER INPUT (mV [rms]) . 


FIGURE 11 — VIDEO OUTPUT PRODUCTS 


45.75 MHz INPUT = 25 mV (ems) 
42.17 MHz INPUT = 12.5 mV(rms 
41.25 MHz INPUT — RELATIVE TO 45.75 MHz INPUT 


RELATIVE 41.25 MHz INPUT LEVEL (dB) 
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TV-IF Amplifier Information 


A very compact high performance IF amplifier con- 
structed as shown in Figure 14 minimizes the number of 
overall components and alignment adjustments. It can be 
readily combined with normal tuners and input tuning- 
trapping circuitry to provide the performance demanded 
of high quality receivers. This configuration will provide 
approximately 93 dB voltage gain and can accomodate the 
usual low impedance input network or, if desired, can 
take advantage of an impedance step-up from tuner to 
MC1349P input. 

The burden of selectivity, formerly found between the 
third IF and detector, must now be placed at the inter- 
stage. The nominal 3 volt peak-to-peak output can be 
varied from O to 7.0 V with excellent linearity and free- 
dom from spurious output products. 

Alignment is most easily accomplished with an AM gen- 
erator, set at a carrier frequency of 45.75 MHz, modulated 
with a video frequency sweep. This provides the proper 
realistic conditions necessary to operate to low-level 
detector (LLD). The detector tank is first adjusted for 
maximum detected dc (with a CW input), next, the video 
sweep modulation is applied and the interstage and input 
circuits aligned, step by step, as in a standard IF amplifier. 

Note: A normal IF sweep generator, essentially an FM 
generator, will not serve properly without modification. 
The LLD tank attempts to “follow” the sweep input fre- 
quency, and results in variations of switching ampli- 
tude in the detector. Hence, the apparent overall response 
becomes modified by the response of the LLD tank, 
which a real signal doesn't do. 

This effect can be prevented by resistively adding a 
45.75 MHz CW signal to the output of the sweep genera- 
tor approximately 3 dB greater than the sweep amplitude. 
See Figures 12 and 13 below. For a more detailed descrip- 
tion of the MC1330AP see application note AN-545. 


MC1330A General Information 
The MC1330A offers the designer a new approach to 


an old problem. Now linear detection can be performed at 


FIGURE 12 — BANDPASS DISPLAYED BY 
CONVENTIONAL SWEEP 


much lower power signal levels than possible with a detec- 
tor diode. 

Offering a number of distinct advantages, its easy 
implementation should meet with ready acceptance for 
television designs. Some specific features and information 
on systems design with this device are given below: 

1. The device provides excellent linearity of output 
versus input, as shown in Figures 6 and 7. These graphs 
also show that video peak-to-peak amplitude (ac) does not 
change with supply voltage variation. (Slopes are parallel. 
Visualize a given variation of input CW and use the figure 
as a transfer function.) 

2. The de output level does change linearly with supply 
voltage shown in Figure 8. This can be accommodated 
by regulating the supply or by referencing the subsequent 
video amplifier to the same power supply. 

3. The choice of Q for the tuned circuit of pins 2 and 3 
is not critical. The higher the QO, the better the rejection 


- Of 920 kHz products but the more critical the tuning 


accuracy required. See Figure 11. Values of OQ from 20 
to 50 are recommended. (Note the internal resistance.) 

4. A video output with positive-going sync is avail- 
able at pin 5 if required. This signal has a higher output 
impedance than pin 4 so it must be handled with greater 
care. If not used, pin 5 may be connected directly to the 
supply voltage (pin 6).The video response will be altered 
somewhat. See Figure 10. 

5. An AFT output (pin1) provides 460 mV of IF 
carrier output, sufficient voltage to drive an AFT ratio 
detector, with only one additional stage. 

6. AGC lockout can occur if the input signal pre- 
sented in the MC1330A is greater than that shown in the 
input overload section of the design characteristics shown 
on Page 3. If these values are exceeded, the turns ratio be- 
tween the primary and secondary of Tz should be in- 
creased. Another solution to the problem is to use an in- 
put clamp diode D, shown in Figure 14. 

7. The total I.F. noise figure at high gain reductions 
can be improved by reflecting ~ 1 k source impedance to 
the input of the MC1330AP. This will cause some loss in 
overall IF voltage gain. 


FIGURE 13 — BANDPASS DISPLAY WITH THE ADDITION 
OF CARRIER INJECTION 
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FIGURE 14 — TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330A LOW-LEVEL VIDEO DETECTOR CIRCUIT 


R3 R4 
+20Vdc 


2V(- —- 7-7 


C5. 012 
+ 0.002 wF} 0.002 uF . AUXILIARY VIDEO 
C1 | 0.002 nF 4. a OTpU 
0.002 pF 
C4 | 


C6 
2.0 pF 


SOV hide ec 


PRIMARY VIDEO 
: AND SOUND OUTPUT 


MC 1349P . MC1330A 


AFT QUTPUT 


3 
TURNS TURNS 


All windings 22 AWG tinned nylon L1 wound with 26 AWG tinned nylon 
acetate wire tuned with Coilcraft #61 acetate wire tuned by distorting winding. 
slugs, size 10-32, or equivalent 


*See Note 1 (page 3), and C4, Parts List (page 4) for this specification on the MC1349P Data Sheet. 
**See Input Overload Section of the Design Characteristics Page 3, and General Information, Page 5, Note 6. 


FIGURE 15 — PRINTED CIRCUIT BOARD PARTS LAYOUT FIGURE 16 — PRINTED CIRCUIT BOARD LAYOUT 


COPPER SIDE UP 
COPPER SIDE UP 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1349P o°c to +70°C Plastic DIP 


MC1349P_ 


IF AMPLIFIER 


SILICON MONOLITHIC 
ener INTEGRATED CIRCUIT 


... an integrated circuit featuring wide range AGC for use as an 
IF amplifier in radio and television applications over the temper- 
ature range 0 to +70°C. 


@ Power Gain — 60 dB typ at 45 MHz (Pin 3 open) 
— 56 dB typ at 58 MHz (Pin 3 open) 
— 61 dB typ at 45 MHz (Pin 3 bypassed) 
— 59 dB typ at 58 MHz (Pin 3 bypassed) 


AGC Range — 80 GB typ, dc to 45 MHz 

High Output Impedance 

Low Reverse Transfer Admittance 

15-Volt Operation, Single-Polarity Power Supply 
Improved Noise Figure versus AGC 


PLASTIC PACKAGE 
CASE 626-04 


FIGURE 1 — TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 


2.0 pF 180 +18 Vde 


0.002 uF AUXILIARY VIDEO 
a OUTPUT 


— 0.002 uF 


PRIMARY VIDEO 
AND SOUND OUTPUT 


MC1330A1/2P 


AFT OUTPUT 


2 ~~ 3 
TURNS TURNS #10 


All windings #22 AWG tinned nylon Ly wound with =26 AWG tinned nylon 
acetate wire tuned with Coilcraft #61 acetate wire tuned by distorting winding. 
slugs, size 10-32, or equivalent. 


*See Note 1 (page 3), and C4, Parts List (page 4) of this specification. 
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Meee 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted). 


Vde 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above Ta = +25°C |. . 5.0 


Operating Temperature Range 
Storage Temperature Range —65 to +150 


AGC Range, 45 MHz (5.0 V to 7.5 V) (Figure 3) 


Power Gain (Pin 5 grounded via 5.1 kQ resistor, input Pin 4) 
f = 45 MHz, BW (3 dB) = 4.5 MHz, Tuned Input, Pin 3 open 
Untuned Input, Pin 3 bypassed 
f = 58 MHz, BO (3 dB) = 4.5 MHz, Tuned Input, Pin 3 open 

Untuned Input, Pin 3 bypassed — 59 


Maximum Diferential Output Vokage Swing ———SOSCSCSC~S~S—S a ee 
Output Stage CurentiPins tend) SSSCSC~S~“~*sSS tm 
amplifier Curent(Pin) ———SSSCSCS~—~—CSCSC—~‘S Ets 
a 


Noise Figure 
f = 45 MHz, Tuned Input, Pin 3 open, Gain Reduction = 15 dB 


DESIGN PARAMETERS (Vcc1 = +12 Vdc, [Pin 2], Vce2 = +15 Vde, [Pins 1 and 8], Ta = +25°C unless otherwise noted.) 


Single-Ended Input Admittance, input Pin 4, AGC min 
Pin 3 open 
Pin 3 open 
Pin 3 bypassed 
Pin 3 bypassed 


Differential Output Admittance, AGC max pmhos 


Reverse Transfer Admittance (magnitude) pt | 20 | emhos | 


Forward Transfer Admittance . 
Magnitude, Pin 3 open mmhos 
Angle (0 dB AGC), Pin 3 open degrees 
Magnitude, Pin 3 bypassed mmhos 
Angle (0 dB AGC), Pin 3 bypassed | degrees 


Single-Ended Input Capacitance, AGC min 
Pin 3 open . 
Pin 3 bypassed 


Differential Output Capacitance (AGC max) 
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MC1349P 


FIGURE 2 — CIRCUIT SCHEMATIC 


50 f 
INPUT 
| 2.32 k 
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GENERAL INFORMATION 


The MC1349P is an improved version of the MC1350P. Fea 
turing higher gain, a lower noise figure, and greater AGC range; 
in addition, an emitter of the input amplifier is available for by- 
passing. This provides a low input impedance with good gain, 
useful for untuned input configurations. 

Both input and output IF amplifier sections are gain-controlled 
in the MC1349P, with the input amplifier also serving as an AGC 
amplifier for the output section. During the initial part of AGC 
gain reduction, the gain of the input amplifier decreases only a 
few dB while the output section decreases 15 dB; further AGC 
acts upon the input section. Although the gain reduction curve 
was taken with 5.1 kilohms at pin 5, higher series resistance can 
be used to reduce the voltage and temperature sensitivity of the 
AGC. Pin 5 currents are shown on the AGC curve, see Figure 10. 

In use, it is important to bypass pin 2, both for IF frequencies 


Vcc 
72 
(+) 
O08 
OUTPUTS 
O1 


() 


360 


and for low frequencies, (as shown in the test circuits). This is 
due to the dual function of the input amplifier. |If replacing MC- 
1350P take precaution not to ground pin 3, (not used in the 
MC1350P). Due to the significantly higher gain of the MC1349P, 
extra care in layout should be exercised. 


NOTE 1: The references to bypasses at pin 3 do not give specific 
values (C4, see Figures 1 and 4). In all cases, measure- 
ments were taken with a bypass at a standard value as 
near as possible to series resonance. The values are de- 
pendent on test frequency and circuit layout. Fully 
bypassing pin 3 reduces the input signal handling capa- 
bility before distortion from over 100 mV(RMS) to 
approximately 25 mV(RMS). C4 = 0.002 uF at f = 45 
MHz is a typical value for printed circuit applications. 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-27 


MC1349P 


TEST CIRCUITS 
FIGURE 3 — TUNED INPUT 

(PIN 3 OPEN) 

| Vcc1 Vcec2 
Lp +12 V +15 

. | Cp 2.0 uF Cp Cp 
| | Lf ch ne ae 
INPUT a cae ea aa = = 

: Rg = on | Cp | = eset Cae 


| | 
| | ‘cam Gam Es Gas | OUTPUT 
me | R,. = 50 2 
| | l © 
TO C= . BIE 
O O O7 O | 
Cp | 
Epon ere sarees 


VAGC 


FIGURE 4 — UNTUNED INPUT 
(PIN 3 BYPASSED TO GROUND) 


Vcec1 Vcec2 
Lp +12 V Pai5v 


C4 bas + 2.0 WF ae 


| 
| 
INPUT si | a ie aa 
| 
| 


Rg =502 © 
| b4 63 OUTPUT 
| | RL =502 
| Pr 4 
MC1349P 
50 | 
O O O7 O08 | 7 
Cp 
5.1k = _| 
VAGC 
PARTS LIST 
T1 Primary 14 turns center-tapped 


50-100 pF 
3-35 pF 
1-7.0 pF 


Secondary 2% turns (45 MHz tuned input 
pin #3 open) 1% turns (all 
82-470 pF i a wound over 
0.001 F Wire: #26 AWG tinned nylon acetate wound 
0.33 wH on 1/4” diameter coil form 
10 BH Core: Arnold Type TH, 1/2” long or equivalent. 
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MC1349P | 


TYPICAL CHARACTERISTICS 


FIGURE 5 — SINGLE-ENDED INPUT ADMITTANCE FIGURE 6 — SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 OPEN) (PIN 3 BYPASSED TO GROUND) 


Lt gl1 min 
gil max AGC 


y11, INPUT ADMITTANCE (mmhos) 


ee 
iv 


ytt, INPUT ADMITTANCE (mmhos) 


FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 7 — SINGLE-ENDED FORWARD FIGURE 8 — DIFFERENTIAL OUTPUT ADMITTANCE 
TRANSFER ADMITTANCE (MAXIMUM AGC) 


_ 
~ 


a 
roy 


Oo 
ot 
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[oan] 


/ y21, ANGLE OF FORWARD TRANSFER 


ADMITTANCE (mmhas) 


So 
Ro 


h22, OUTPUT SUSCEPTANCE (mmhos) 


| y21|, MAGNITUDE OF FORWARD TRANSFER 
ADMITTANCE (DEGREES) 
g22, QUTPUT CONDUCTANCE (mmtos) 


A= pin 3 open mXe 

B = pin 3 bypassed to ground Lo} tN 

10 20 30 50 70 
FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 10 — GAIN REDUCTION 
FIGURE 9 — NOISE FIGURE 
IAGC (uA) 
0 : 


PIN 3 OPEN 
—-—--=PIN 3 BYPASSED TO GROUND 


NOISE FIGURE (dB) 
GAIN REDUCTION (dB) 


GAIN REDUCTION (dB) 
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MC1350P a | ORDERING INFORMATION 


MONOLITHIC IF AMPLIFIER 


. . an integrated circuit featuring wide range AGC for use as an IF 
amplifier in radio and TV over the temperature range 0 to +759C. 
The MC1352 is similar in design but has a keyed-AGC amplifier as an 
integral part of the same chip. 


Power Gain — 50 dB typ at 45 MHz, 
— 48 dB typ at 58 MHz 


@ AGC Range -- 60 dB min, dc to 45 MHz 


@ Nearly Constant Input and Output Admittance Over the Entire 
AGC Range 


y21 Constant (-3.0 dB) to 90 MHz 
Low Reverse Transfer Admittance — <<< 1.0 umho typ 
12-Volt Operation, Single-Polarity Power Supply 


| Device 
MC1350P 


FIGURE 1 — TYPICAL MC1350 VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 


0:002 uF = 470 


0.001 uF 


MC1350 


5 wi «6 
TuRNs— TURNS 
All windings #30 AWG tinned nylon 


acetate wire tuned with Arnold Type 
TH slugs. 


MC 1330 


Temperature Range Package 


0°C to +75°C Plastic DIP 


IF AMPLIFIER 


SILICON MONOLITHIC | 
INTEGRATED CIRCUIT 


(Top View) 


PLASTIC PACKAGE 
CASE 626-04 


+18 Vde 
18 V 
AUXILIARY VIDEO 


PRIMARY VIDEO 
AND SOUND OUTPUT 


AFT OUTPUT 


Ly wound with #26 AWG tinned nylon 
acetate wire tuned by distorting winding. 
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MC1350P 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted) 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above 25°C 


AGC Range, 45 MHz (5.0 V to 7.0 V) (Figure 1) 


Power Gain (Pin 5 grounded via a 5.1 kQ resistor) 
f= 58 MHz, BW=4.5MHz_) 
f = 45 MHz, BW = 4.5 MHz { 
= 10.7 MHz, BW = 350 kHz 
f = 455 kHz, BW = 20 kHz | 
Maximum Differential Voltage Swing 
0 dB AGC. 
-30 dB AGC 


Symbol 
Ap 


See Figure 5 


See Figure 6 


Output Stage Current (Pins 1 and 8) 


Power Dissipation 


Single-Ended Input Admittance 
Input Admittance Variations with AGC 
(0 to 60 dB) 


Differential Output Admittance 


Output Admittance Variations with AGC 
(0 to 60 dB) 


Reverse Transfer Admittance (Magnitude) 


Forward Transfer Admittance 
Magnitude 

Angle (0 dB AGC) 
Angle (-30 dB AGC) 


degrees 
degrees 


FIGURE 2 — TYPICAL GAIN REDUCTION FIGURE 3 — NOISE FIGURE 
(Figures 5 and 6) (Figure 5) 
IAGC = 9.1 mA 

2 

al a 
5 = 
F oc 
= i) 
aT 9g 
uJ Ww 
co Ww 
2 a 
< S 

Vacc (V) GAIN REDUCTION (dB) 
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MC1350P 


GENERAL OPERATING INFORMATION 


The input amplifiers (Q1 and Q2) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for ac) with identical results. Terminals 4 and 6 may be driven 
from a transformer, but a dc path from either terminal to ground 
is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of Q4 and QS causing these transistors to conduct more 
heavily thereby shunting signal current from the interstage ampli- 
fiers Q3 and Q6. The output amplifiers are supplied from an active 
current source to maintain constant quiescent bias thereby holding 
output admittance nearly constant. Collector voltage for the out- 
put amplifier must be supplied through a.center-tapped tuning 
coil to Pins 1 and 8. The 12-volt supply (Vt) at Pin 2 may be used 
for this purpose, but output admittance remains more nearly con- 
stant if a separate 15-volt supply (V**) is used, because the base 
voltage on the output amplifier varies with AGC bias. 


FIGURE 5 — POWER GAIN, AGC and NOISE FIGURE TEST CIRCUIT 


(45 MHz and 58 MHz) 


+12V 
0.001 uF Lp 
0.001 uF Lp 

INPUT 

Rs = 5022 C2 
C) 
Cy LY 
5.1k 

VAGC* 


0.001 nF 0.001 uF = 
*Connect to ground for maximum power gain test. 
All power-supply chokes (Lp), are self-resonate at 
input frequency. Lp 2 20 k%2 
See Figure 10 for frequency response curve. 


L1 @ 45 MHz=7 1/4 Turns ona 1/4” coil form. 
@ 58 MHz = 6 Turns ona 1/4” coil form 
T1 Primary Winding = 18 Turns ona 1/4” coil form, center-tapped 
Secondary Winding = 2 Turns centered over Primary Winding @ 45 MHz 
= 1 Turn @ 58 MHz 
Slug = Arnold TH Material 1/2” Long 


LL 
Ty [1-840 
50 - 160 pF 8 - 60 pF 
8 - 60 pF 


QO 
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FIGURE 4 — CIRCUIT SCHEMATIC 


AGC AMPLIFIER SECTION 


INPUT AMPLIFIER SECTION BIAS SUPPLIES OUTPUT AMPLIFIER SECTION 


FIGURE 6 — POWER GAIN and AGC TEST CIRCUIT 
(455 kHz and 10.7 MHz) 


12V 


VAGC* 


*Grounded for maximum 
power gain. = 


Note 1. Primary: 120 uH (center-tapped) 
Qy = 140 at 455 kHz 
Primary: Secondary turns ratio= 13 
Note 2. Primary: 6.0 wH 
Primary winding = 24 turns #36 AWG (close-wound on 
1/4” dia. form). 
Core = Arnold Type TH or equiv. 
Secondary winding = 1-1/2 turns #36 AWG, 1/4” dia. 
(wound over center-tap) 


Component| 455 kHz| 10.7 MHz 


80—450 pF 
5.0—80 pF 
0.001 uF 
0.05 wF 
36 pF 
0.05 uF 
0.05 uF 
4.6 wH 
Note 2 


i a a aL A 


/INTERFACE DEVICES 


MC1350P 


TYPICAL CHARACTERISTICS 
(Vt =12V,T, = +25°C) 


FIGURE 7 — SINGLE-ENDED INPUT ADMITTANCE FIGURE 8 — FORWARD TRANSFER ADMITTANCE 


500 
ERS  Taeratar 
woh CLEATS CTT. 
CTT Taateno P SAT 


-80 


941, 641 (m mhos) 
ly211 (mmhos) 


Ly21 (DEGREES) 


FREQUENCY (MHz) 
FREQUENCY (MHz) 


FIGURE 10 — TEST CIRCUIT RESPONSE CURVE 
FIGURE 9 — DIFFERENTIAL OUTPUT ADMITTANCE (45 and 58 MHz) , 


ie (Single-ended aaaa | } | | 


admittance exhibits 


0.8 twice these values.) 


oa + — 
ol ces 


0.6 ba ane 
FREQUENCY (MHz) 


922, 622 (m mho) 
jon) 
> 


FIGURE 11 — DIFFERENTIAL OUTPUT VOLTAGE 


DIFFERENTIAL OUTPUT VOLTAGE (VOLTS) 


GAIN REDUCTION (dB) 


For additional information see ‘‘A High-Performance Monolithic 

_tF Amplifier Incorporating Electronic Gain Control’, by W. R. 

Davis and J. E. Solomon, |IEEE Journal on Solid State Circuits, 
December 1968. 
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"ORDERING INFORMATION 
MC1352 Device Temperature Range Package 


MC1352P O°C to +70°C Plastic DIP 


TV VIDEO IF AMPLIFIER WITH 
AGC AND KEYER CIRCUIT 


TV VIDEO IF AMPLIFIER WITH AGC 
AND KEYER CIRCUIT 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


_..amonolithic IF amplifier with a complete gated wide-range AGC 
system for use as the Ist and 2nd IF stages and AGC keyer and 
amplifier in color or monochrome TV receivers. 


Power Gain at 45 MHz, 52 dB typ 
Extremely Low Reverse-Transfer Admittance — << 1.0 umho typ 


Nearly Constant Input and Output Admittance Over AGC Range P SUFFIX 
. . . PLASTIC PACKAGE 

Single-Polarity Power-Supply Operation CASE 646-05 

High-Gain Gated AGC System for Either Positive or Negative- 


Going Video Signals 
Control Signal Available for Delayed AGC of Tuner 


FIGURE 1— TYPICAL VIDEO IF AMPLIFIER APPLICATION 


VCC 
12 Vde 


RF AGC 
TOTUNER 


=«a—— (63 


(Note 2) i 


0.1 pF 18 Vde 18 V -_— 
3.9 k 


‘i 


AGC INPUT 
(See Figure 5) 


AUXILIARY 


PRIMARY VIDEO 
AND 
SOUND OUTPUT 


MC 1330 


MC 1352 


OUTPUT 


FLYBACK WINDING -8.0 V PULSE 


| ua | t Wound with #26 AWG tinned nylon 


acetate wire tuned by distorting 
| 3 winding. 


All windings #30 AWG tinned nylon acetate 
wire tuned with Arnold Type TH slugs. 


TURNS TURNS 
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MC1352 


MAXIMUM RATINGS (Voltages referenced to Pin 4, ground; Ta = +25°C unless otherwise noted) 


Power Supply (Pin 11) 
Output Supply (Pins 7 and 8) 


Signal Input Voltage (Pin 1 or 2, other pin ac grounded) 


AGC Input Voltage (Pin 6 or 10, other pin ac grounded) 
Gating Voltage, Pin 5 


Power Dissipation 
Derate above Ta = +25°C 


Operating Temperature Range 
Storage Temperature Range 


Characteristic 


AGC Range 


Power Gain 
f = 35 MHz or 45 MHz 


f = 58 MHz 


Maximum Differential Output Voltage Swing 
0 dB AGC 
-30 dB AGC 


Voltage Range for RF-AGC at Pin 12 
Maximum 
Minimum 


IF Gain Change Over RF-AGC Range 


Output Stage Current (17 + Ig) 
Total Supply Current (17 + 1g + 144) 


Total Power Dissipation 


DESIGN PARAMETERS, TYPICAL VALUES (Vcc = 12 Vde, Ta = +25°C unless otherwise noted.) 


Forward Transfer Admittance 
Magnitude 
Angle (OQ dB AGC) 
Angle (-30 dB AGC) 


Single-Ended Input Capacitance 


Differential Output Capacitance 


a 
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MC1352 | 


FIGURE 2 — CIRCUIT SCHEMATIC 
KEYER AND AGC AMPLIFIER 


RF-AGC Amplifier and 


Keying Section Delay Section 


FIGURE 3 — POWER GAIN, AGC AND NOISE TEST CIRCUIT 
GENERAL OPERATING INFORMATION 


1 output @ VCC 


vy f 12 Vide 
ee The MC1352, consists of an AGC section and an IF signal amplifier 


(Figure 2) subdivided into different functions as indicated by the 


ee [ower 
Lp uF 
= lp sl 


illustration. 
A gating pulse, a reference level, and a composite video signal are 


AG 

REFERENCE aa required for proper operation of the AGC section. Either positive or 

| ete = ae nae negative-going video may be used; necessary connections and signal 

O.001pE 0001 pF : ‘ orn levels are shown in Figure 1. The essential difference is that the video 
O iMo+1. is fed into Pin 10 and AGC reference level is applied to Pin 6 for a video 


signal with positive-going sync while the input connections are reversed 
for negative-going sync. 
The action of the gating section is such that the proper voltage, VC, 


UO 
0.001 uF . AGC INPUT 
O . O 
| AGC A 
KEY p 
| MC1352 0.001 pF 0.001 pF 
B0V - 


| 3 12 8k 
| S 6 BS Lp TUNER AGC 
| ELAY 
0001 pF 0.001 uF 0.001 pF a 
2 13 
ei 


FIGURE 4 — TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 


= 0.001 uF 0.001 pF 


TUNER AGC OUTPUT 


All chokes (Lp) ate self resonate 
at mput frequency Lp 20 k!? 
See Figure 4 tor Response Curve 


36 and 45 MHz TSB MH 
[ti] o4uh [a -100 | 03h [a 100 | 
O -W0@2uH] 1.2-3.8uH [| O 10002 
48-100 pF | 40-80 pf 

8-60 pF [a5 pF 


L1 and T1 = #26 AWG Tinned Nylon Acetate Wire. 


Scale: 1 MHz/cem 


L1@ 35 of 45 MHz = 7-1/4 Turns ona 1/4” coil form 
@ 58 MHz = 6 Turns ona 1/4” coil form 
T1 Primary Winding = 18 Turns ona 1/4” coil form 
Secondary Winding = 2 Turns Wound Evenly over Primary 
Winding for 35 or 45 MHz and I 
Turn for 58 MHz 
Slug = Arnold TH Material 1/2” long 


cence i SG SS SAAS TS SSS TSN 
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ES ee Po Se ee 


MC1352 


IF AMPLIFIER 
AGC Controlled Section Bias Section IF Output Section 
po Vcc DC Supply Voltage 


CEP ccvgg a etaue 
p> Supply Voltage 


is maintained across the external capacitor, C2, for a particular video The input amplifiers (Q4 and Q5) operate at constant emitter cur- 
level and dc reference setting. The voltage VC, is the result of the charge rents so that input impedance remains independent of AGC action. 
delivered through D1 and the charge drained by Q1. The charge deliv- Input signals may be applied single-ended or differentially (for ac). Ter- 
ered occurs during the time of the gating pulse, and its magnitude is minals 1 and 2 may be driven from a transformer, but a dc path from 
determined by the amplitude of the video signal relative to the dc ref- either terminal to ground is not permitted. 

- erence level. The voltage Vc is delivered via the IF-AGC amplifier and AGC action occurs as a result of an increasing voltage on the base 
applied to the variable gain stage of the IF signal amplifier and is also of Q6 and Q7 causing those transistors to conduct more heavily thereby 
applied to the RF-AGC amplifier, where it is compared to the fixed RF- shunting signal current from the interstage amplifiers Q8 and Q9. The 
AGC delay voltage reference by the differential amplifier, Q2 and Q3. output amplifiers are fed from an active current source to maintain 
The following stages amplify the output signal of Q2 and shift the dc constant quiescent bias thereby holding output admittance nearly 
levels causing the RF-AGC voltage to vary. constant. 

NOTES: FIGURE 5 — TYPICAL AGC APPLICATION CHART 


1. The 12-V supply must have a low ac impedance to prevent low- Video Pin 6 Pin 10 Pin 5 
frequency instability in the RF-AGC loop. This can be achieved Polarity Voltage Voltage R1 (82) 
by a 12-V zener diode anda large decoupling capacitor. (5 uF). | 

‘ 5.5 
Negative: Adj. 1.0—4.0 Vd 
2. Choices of C1, C2 and C3 depend somewhat on the set designers’ Going 4) : 


preference concerning AGC stability versus AGC recovery speed. 
Typical values are C1 = 0.1 uF, C2 = 0.25 uF, C3 = 10 uF. 


Sync. Nom 2.0 V 


3. To set a fixed IF-AGC operating point (e.g., for receiver align- 
ment) connect a 22 kQ resistor from pin 9 to pin 11 to give mini- 
mum gain, then bias pin 14 to give the correct operating point 
using a 200 k2Q variable resistor to ground. 


Positive- Adj. 1.0-—8.0 Vdc 
Going 


Sync. 


Nom 4.5 V 


4. Although the unit will normally be operating with a very high 
power gain, the pin configuration has been carefully chosen so 
that shielding between input and output terminals will not 
normally be necessary even when a standard socket is used. 
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| MC1352 


TYPICAL CHARACTERISTICS 
(Voc = +12 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 6 — SINGLE-ENDED INPUT ADMITTANCE FIGURE 7 — DIFFERENTIAL OUTPUT ADMITTANCE 


(SINGLE-ENDED OUTPUT 


ADMITTANCE EXHIBITS oot 
TWICE THESE VALUES) 


| set 
a eS Ae Sees 


| Et 
ae 
( on = ae 
pam tee 


941,641 (mmhos) 


922, b22 (mmho) 


FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 8 — FORWARD TRANSFER ADMITTANCE FIGURE 9 — DIFFERENTIAL OUTPUT VOLTAGE 


Se 
a a Ly21 @ 30 dB Gain 
400 SS 


Pt ane ae Reduction 
Te @ Max Gain + 


. 
Ee 
- NN LT 
= ran 
=> 
E 
Z aN 
< 200 N 
= 
100 a 
Gliecdtele deel atl sMleecalacl Jie te le INN 
FREQUENCY (MHz) | GAIN REDUCTION (dB) 
| FIGURE 10 — AGC CHARACTERISTICS FIGURE 11 — TYPICAL NOISE FIGURE 
BEE "2 
LZ) 
70 5 
ie > 2 
g Ee 6.0 uw 
= ‘ 
Si 50 5 S — cae 
aici a St ee a al 
= io “Th 2B 
= 4 30 5 i 
< ese cr ane Niaig ae ws See Test Circuit of Figure 3. 
“60 *Tuner AGC Delay 2.0 @ S 
80 rune} {I | NE fe eal neWEon 10 
§ = 
100 C== PETE Ie eaten F 


0 
35 40 45 50 55 60 65 70 75 80 85 


AGC INPUT VOLTAGE (VOLTS) 


AGC GAIN REDUCTION (dB) 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1355P 0°C to +75°C Plastic DIP 


BALANCED FOUR-STAGE 
HIGH-GAIN FM/IF AMPLIFIER 


. .. designed for use with Foster-Seeley discriminator or ratio detector 
in high quality FM systems. 


® High AM Rejection (60 dB typ) 
@ Wide Range of Supply Voltages (8 to 18 Vdc) 
® Low Distortion (0.5% typ) 


FIGURE 1 — DUAL MC1355 FM IF APPLICATION 


+15VO 
100 33 33 
05 820 
ais 0.0 an 0.05 a ad 
56 k 0.01 
ok 100 0.01 990 
0.01 
IF 
INPUT 470 FL 0.01 
¢ TRW MPS:H04 199 
Rs = 10.7 MHz 
50 Filter 
0.01| 0.01] 0.01] 0.01 470[ 
3.6 


* All other pins grounded 
T-Ratio Detector (input impedance = 1.5 k) G.1. #36231 or equivalent 
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LIMITING FM 
IF AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


33 
roam 
‘ MPS6571 Ceo En ee 
0.05 O 
= 390 k STE 1500 $ 8.2 k 
. pF ‘ 
= sh ce DE-EMPHASIS 
= 2uF =9 gil output 


MC1355 


MAXIMUM RATINGS (Ta = +259C unless otherwise noted.) 


Cr 
Power Dissipation (package limitation) 625 
Derate above Ta = +25°C 5.0 mw/°c 


ELECTRICAL CHARACTERISTICS (Vcc = 15 Vdc, f = 10.7 MHz, Ta = +25°C) 


Power Supply Voltage Range 


Total Circuit Current 
Total Output Stage Current oa 


Device Dissipation 


Internal Zener Voltage 


Input Signal for 3 dB Limiting 


Output Current Swing 


AM Rejection (10 mv to 1.0 v (rms) 
input, FM @ 100%, AM @ 80%, Foster Seeley detector) 


Admittance Parameters 


14 re f 
MJ 


INPUTS LS 


aS 


FIGURE 2 — CIRCUIT SCHEMATIC 
1190Vcc 


[ : rl freL | See 


7 
TPUTS 
8 


O 
OU 
O 


mw se 
Pins 2, 3, 6, 9, 12, and 13 are not internally connected 100 O85 
but should be grounded for maximum stability. FEEDBACK GND 
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MC1355 


TYPICAL CHARACTERISTICS 


FIGURE 3 — TEST CIRCUIT 


eae ee See D1 
a R4 AUDIO 


OUTPUT 


110.7 MHz 


RF INPUT Tl J FILTER 
=e | 
C2 l 
R2 R3 | 
= = ® Vcc = 15 Vdc = = 
R1 820 ohms C1 50 pF D1 Smail Signal Germanium Diode 
R2 50 ohms C2 0.01 uF (1N542 or equiv) 
R3 100 ohms T1 10.7 MHz Foster-Seeley Discriminator, eis os 2 Be isle act 
R4— Skilohms . Primary Impedance = 3.9 k Specifications are given for a Foster-Seeley discriminator. |!m- 
R512 kilohms Peak-to-Peak Separation = 600 kHz proved AM rejection at low signal levels can be obtained with a 


ratio detector. 
For optimum circuit stability it is important to ground pins 2, 
3, 4,6, 9, 12, and 13. 


FIGURE 4 - AM REJECTION TEST BLOCK DIAGRAM 


230-A HP 340014 
RF i Paaeaee ce BOOTON TEST CIRCUIT RMS 
(10.7 MHz) SR cau POWER AMPL. (Figure 3) METER 
OR EQUIV OR EQUIV 


MODULATION 
1kHz 


FM 
GENERATOR 


V DIODE BIAS 


FIGURE 5 — LIMITING FIGURE 6 — AM REJECTION 
1000 


100% FM (75 kHz) 


E 800 | 
= — 
E a 
uw = 
< 600 z 
5 = 
: z 
5 400 e 
5 < 
oOo 
S 
S 200 
=~ 
<x 
a 
0 
0.01 0.1 1.0 10 100 1000 
SIGNAL INPUT VOLTAGE (mV [rms] ) SIGNAL INPUT VOLTAGE (mV [rms] ) 
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OUTPUT DISTORTION (%) 


SUPPLY CURRENT (mA) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 — SIGNAL-TO-NOISE RATIO SIGNAL 


Po dieaese ocd on PNW! deal esl. teat 
Edel Me deol, ede ea. sated 
Peo petes aldose ll ia Nec 8 Vie 

75 kHz DEVIATION 
ee OA AR 


Ft tt a 25 kHz DEVIATION |__| 
A ere 
220k ee eee eee 


AA LL | TT | te ta ie ve 
oon ee a 
CALA ee 


0.01 0.1 1.0 10 100 1000 0.01 0.1 1.0 100 1000 


FIGURE 7 — OUTPUT DISTORTION 


100 


Vcc = 15 Vde 
im 100% (75 kHz Deviation) 


80 


60 


40 


SIGNAL-TO-NOISE RATIO (dB) 


\ 


N 


SIGNAL INPUT VOLTAGE (mV [rms] ) SIGNAL INPUT VOLTAGE (mV [rms] ) 


FIGURE 9 — TOTAL SUPPLY CURRENT 


SRESEAEROE 
SERESEEANE 
RaaRRR EERE 


(Use Test Circuit of Figure 3) 


i 
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SUPPLY VOLTAGE (VOLTS) 
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ORDERING INFORMATION 


"Device “Temperature Range Package MC1357 


MC1357P 0°C to +75°C Plastic DIP 


IF AMPLIFIER 
AND QUADRATURE 
DETECTOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


TV SOUND IF OR FM IF AMPLIFIER 
WITH QUADRATURE DETECTOR 


@ A Direct Replacement for the ULN2111A 


_@ Greatly Simplified FM Demodulator Alignment 
P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 


@ Excellent Performance at Vcc = 8.0 Vdc 


FIGURE 1 — TV TYPICAL APPLICATION CIRCUIT 


+22 V 


150 uF 
1 MC 1316 
5+ 


51 


INPUT 


0.1 uF 


i 
1 
on 
0.005 uF rt 


(Optional) 1 Lh 


Typical Performance: C1 = 120 pF 
2 Watts Output L1=14yH 
2% Distortion R1=20kQ2 
250 pV Sensitivity (3 dB Lim.) 0 =30 
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MC1357 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


eT 


Power Supply Voltage ae ae 
Input Voltage (Pin 4) a ae Vp 


3.5 
625 mw 
5.0 mw/°c 


ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, Ta = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitation) 
Plastic Packages 
Derate above T, = +25°C 


Operating Temperature Range (Ambient) 


Storage Temperature Range 


Amplifier Low Level Output Voltage 
Detector Output Voltage 


Amplifier Input Resistance 


Detector Output Resistance 
De-Emphasis Resistance 


DYNAMIC CHARACTERISTICS (FM Modulation Freq. = 1.0 kHz, Source Resistance = 50 ohms, Ta = +25°C for all tests.) 
(Vcc = 12 Vdc, fo = 4.5 MHz, Af = +25 kHz, Peak Separation = 150 kHz) 


AM Rejection* (Vj, = 10 mV[rms] ) 
Input Limiting Threshold Voltage wV(rms) 
Recovered Audio Output Voltage (Vj, = 10 mV [rms] ) Vi(rms) 
Output Distortion (Vin = 10 mV[rms] ) 


Amplifier Voltage Gain (Vj, s 50 uV [rms] ) 


AM Rejection* (V;, = 10mVIrms]) lt AS 
Input Limiting Threshold Voltage | 4 


uV (rms) 
Virms) 


Recovered Audio Output Voltage (Vj, = 10 mV [rms] ) 
Output Distortion (Vj, = 10 mV[rms] ) ; 


Amplifier Voltage Gain (Vj;, < 50 nV [rms] ) | 40 | 
AM Rejection* (V;, = 10 mV{[rms] ) | 1 | 
Input Limiting Threshold Voltage = a | 


uV (rms) 
V (rms) 


Recovered Audio Output Voltage (Vj, = 10 mV{[rms] ) 
Output Distortion (Vj, = 10 mV[rms] ) 


Amplifier Voltage Gain (Vj, < 50 uVIrms] ) | 10 
AM Rejection* (Vj, = 10 mVI[rms] ) aa 
Input Limiting Threshold Voltage = aa 

ie ee ee 


; 


dB 
uV(rms) 
Virms) 
% 


Recovered Audio Output Voltage (Vi, = 10 mV[rms] ) 


Output Distortion (Vj, = 10 mV[rms] ) 


*100% FM, 30% AM Modulation 
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AM REJECTION (dB) 


DETECTED AUDIO OUTPUT 
VOLTAGE (V [rms] } 


TYPICAL CHARACTERISTICS 
(Vcc = 12 V, Ta = +25°C unless otherwise noted) 


(fo = 4.5 MHz) 
FIGURE 2 — AM REJECTION 


A TT TT 
Pe tg ST 
oT Pin 10 
A TIN a 
cll ic 
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- 
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ZT too 
Ao EH 
0.2 0.5 0 5.0 10 20 50 


0.1 1.0 2: 
INPUT VOLTAGE (mV [rms] ) 


w 
fom) 


20 


10 
0.05 


FIGURE 4 — DETECTED AUDIO OUTPUT 


ies = REF SIGNAL INPUT (PIN 9) 
Bes PT RE a 
HN AT 
HILAL TT 
WM Ot +25kHz DEVIATION 
fico HH 
0.4 1. 4.0 10 40 


0 
INPUT VOLTAGE (mV [rms] ) 


ere ial as (eas ee 
Bala 


FIGURE 6 — DETECTOR TRANSFER CHARACTERISTIC 


| 4.58 MHz 


(Use Test Circuit of Figure 13) 


AM REJECTION (dB) 


DETECTED AUDIO OUTPUT VOLTAGE (V [rms] ) 


& 


(fg = 5.5 MHz) 
FIGURE 3 — AM REJECTION 
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FIGURE 5 — DETECTED AUDIO OUTPUT 
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FIGURE 7 — DETECTOR TRANSFER CHARACTERISTIC 
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MC1357 


| TYPICAL CHARACTERISTICS (continued) 
: (fo = 10.7 MHz, Ta = +25°C unless otherwise noted.) 


(Use Test Circuit of Figure 13) 
FIGURE 9 — AFC VOLTAGE DRIFT 


FIGURE 8 — AM REJECTION (1.0 mV INPUT CARRIER @ 10.7 MHz) 


50 


in VAT nt i Chat 
orm A SOS TT att | m0 Hi alll cH tt 
g AC SE : 
es "OO TTL Ne = 
pel 100% FM, 30% AM HTN E 60 HA tt 
* cil et oA 2” aa atl 
. 2 2 0 
10 fon) 
ce ie SE 
0 TC EEE fy Pe ees TT} oe 7 10a 6 al eeeen et 8G Ow Ge 
0.5 1.0 10 50 100 = =©200 500 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 
INPUT VOLTAGE (mV[rms} } INPUT SIGNAL VOLTAGE (mV [rms] } 
FIGURE 10 — LIMITING FIGURE 11 — SIGNAL-TO-NOISE RATIO 
100 
TIL 
di PT TTT mat 
: 2 auaill 
i < 60 Vcc =12 
: ed Ha et 
: 2 a eat Casini arenes 
: m2 "ee CI 
: oa a ess 16 
a , Zant 
-30 -10 +10 +30 +50 +70 +90 +110 +130 +150 +170 om 0.02 0.05 0.1 1.0 5° 
AMBIENT TEMPERATURE (°C) INPUT SIGNAL VOLTAGE (mV) 
FIGURE 12 — DETECTOR TRANSFER CHARACTERISTIC FIGURE 13 — TEST CIRCUIT 


INPUT Vcc Ct C2 is connected to Pin 9 
unless otherwise noted. 


’ _ i, a 
+1, i 
. 


QUTPUT VOLTAGE OES 


as 
aa 


or 10.5 10.55 10.6 10.65 10.7 10.75 108 10.85 109 10.95 


FREQUENCY (MHz) 


Car 8 nies 

ca rid anes 30 oh : 
5.5 | 8.0 | 100 30 ; 
10.7 | 2.0] 120 20 re ivi 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-46 
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FIGURE 14 — FM RADIO TYPICAL APPLICATION CIRCUIT 
+ 12V 


Q = 20 @ 10.7 MHz 
*L=1.5~-3.0uH 


0.1 uF 
**6 POLE FILTER, ie 
TRW #25579 OR EQUIV = 


50 uF 
7 10.7 MHz ‘ AUDIO 
FILTER** : \ OUTPUT 
4.7 pF 
360 pF 
120 pF 
50.02 
INPUT 
FIGURE 15 — OUTPUT DISTORTION 
Na 
| \ rer ie mani 
Note 1: INPUT 


(Pin 9) 


i 
ie aE aeenaeaat 
oe Ne ON ie et Seley 


SRSEREL i SRE S eel 
PPT NTT Se 


i‘ 
ae eae 
provement of limiting sensitivity can be obtained using pin 10, mettasi 
see Figure 17, and no overload problems have been incurred Len SEBEL 


with this tuned circuit configuration. 100 300 1000 


Information shown in Figures 15, 16, and 17 was obtained 
using the circuit of Figure 14. 


Note 2: 

Optional input to the quadrature coil may be from either 
pin 9 or pin 10 in the applications shown. Pin 9 has commonly 
been used on this type of part to avoid overload with various 
tuning techniques. For this reason, pin 9 is used in tests on the 
preceding pages (except as noted). However, a significant im- 


TOTAL HARMONIC DISTORTION (%) 


INPUT SIGNAL VOLTAGE (xuV [rms] ) 


FIGURE 16 — SIGNAL-TO-NOISE RATIO FIGURE 17 — RECOVERED AUDIO OUTPUT 


p| | [rer rena weve pea EH SSIS ete eRe e eel 


70 


60 


REF SIGNAL INPUT (Pin 10) 


ane 
eee eee ee eee 
ese esos 


REF SIGNAL INPUT (Pin 9} 


100 300 1000 10 100 300 1000 


SIGNAL-TO-NOISE RATIO (dB) 


RECOVERED AUDIO OUTPUT VOLTAGE (mV [rms] ) 
on 
S 


INPUT SIGNAL VOLTAGE (uV [rms] ) INPUT SIGNAL VOLTAGE (uV [rms] ) 
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FIGURE 18 — CIRCUIT SCHEMATIC 


INPUT SIGNAL VOLTAGE (mV) 


Let |, 
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ORDERING INFORMATION 


MC1358 


Device Temperature Range Package 
MC1358P —20°C to +75°C Plastic DIP 


IF AMPLIFIER, LIMITER, 
TV SOUND IF AMPLIFIER FM DETECTOR, AUDIO DRIVER, 
ELECTRONIC ATTENUATOR 


SILICON MONOLITHIC 
|. . aversatile monolithic device incorporating IF limiting, detection, INTEGRATED CIRCUIT 
electronic attenuation, audio amplifier, and audio driver capabilities. 


Direct Replacement for the CA3065 
e Differential Peak Detector Requiring a Single Tuned Circuit 
Electronic Attenuator Replaces Conventional ac Volume 
Control — Range > 60 dB 
Excellent AM Rejection @ 4.5 and 5.5 MHz 


High Stability P SUFFIX 


Low Harmonic Distortion PLASTIC PACKAGE 
Audio Drive Capability — 6.0 mAp-p CASE 646-05 


Minimum Undesirable Output Signal @ Maximum Attenuation 


FIGURE 1 - TYPICAL TV APPLICATION CIRCUIT 


Veco =24V 
Rs 

390 

1/2 W 


SOUN 
TRANSFORMER 2 


° | 
© 
4.5 MH 
input ©! 7a MC1358P 0.01 ue 
: DE-EMPHASIS 
OO) 


L2 


Bt @ +140 VOLTS 


100 1390 1k 


* 


L1 
_—_—_ 0.33 pF 


68 pF a MJE340 
\ PS/Jor Equiv 


*L1= 16H NOMINAL, CONTROL 


25 k 
Q(UNLOADED) = 50 12 pF ii 75 


C1 and L2 component values are to be 
selected at the discretion of the designer. “= = rs = 
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NMC1358 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


po Rating Value a 
Input Signal Voltage (Pins 1 and 2) 
Power Supply Current er - ae Saeeeen: See 


Power Dissipation (Package Limitation) 
Plastic Packages 625 mw 
Derate above Tp = +25°C 5.0 mWw/°C 


Operating Temperature Range (Ambient) -20 to +75 
Storage Temperature Range -65 to +150 


a ee ar ee 
[Reguiated Voltage dT | tS tT de 
[DC Supply Current (V¥= 8 Vas, Ags) C16 


DYNAMIC CHARACTERISTICS (Vcc = 24 Vde, Ta = 125°C unless otherwise noted), 


iF AMPLIFIER AND DETECTOR 
fo = 4.5 MHz, Af = +25 kHz 


AM Rejection (Vin = 10 mV [rms] ee ee ae ee 
Input Limiting Threshold Voltage oe BRT: 


Recovered Audio Output Voltage (Vj, = 10 mV [rms] ) 


Output Distortion (Vj, = 10 mV [rms] ) 
fo = 5.5 MHz, Af = +50 kHz 


AM Rejection* (Vin = 10 mV [rms] ee eee a ee eae 


Input Limiting Threshold Voltage 


uV (rms) 


Recovered Audio Output Voltage (Vi, = 10 mV [rms] ) 
Output Distortion (Vin = 10 mV [rms] ) 

Input Impedance Components (f = 4.5 MHz, measurement between Pins 1 and 2) 
Parallel Input Resistance 
Parallel Input Capacitance 


Output Impedance Components (f = 4.5 MHz, measurement between Pin 9 and Gnd) 
Parallel Output Resistance 
Parallel Output Capacitance 


Output Resistance, Detector 
Pin 7 
Pin 8 
ATTENUATOR 


Volume Reduction Range (See Figure 8) 
(dc Volume Control = co) 


Maximum Undesirable Signal (See Note 1) 0.07 
(dc Volume Control = 00) 
AUDIO AMPLIFIER 


Voltage Gain 
(Vin = 0.1 Virms), f = 400 Hz) 


Total Harmonic Distortion ; i 


(Vo = 2.0 Virms), f = 400 Hz) 


Output Voltage 
(THD = 5%, f = 400 Hz) 
Input Resistance (f = 400 Hz) 


Output Resistance (f = 400 Hz) 


“100% FM, 30% AM Modulation. 
Note 1. Undesirable signal is measured at pin 8 when volume control is set for minimum output. 
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MC1358 


AUDIO OUTPUT (mV) 


TOTAL HARMONIC DISTORTION (%) 


AM REJECTION (dB) 


TYPICAL CHARACTERISTICS 
(Vcc = 24 Vdc, Ta = +25°C unless otherwise noted) 


(f9 = 4.5 MHz) (fo = 5.5 MHz) 


FIGURE 2 — AM REJECTION FIGURE 3 — AM REJECTION 


ls 
Te TT 
pf inh 


100% FM, 30% AM 


A 
er | TE tT 
Elle 


AM REJECTION (dB) 


INPUT VOLTAGE (mV [rms] ) INPUT VOLTAGE (mV([rms} ) 


FIGURE 4 — DETECTED AUDIO OUTPUT FIGURE 5 — DETECTED AUDIO OUTPUT 


THT ZL [a2siteoeviarion [| 
UH | TTT 


AUDIO OUTPUT (mV) 


0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 


INPUT VOLTAGE (mV [rms] ) INPUT VOLTAGE (mV [rms] ) 


FIGURE 6 — IF AMPLIFIER AND DETECTOR THD FIGURE 7 —IF AMPLIFIER AND DETECTOR THD 


TOTAL HARMONIC DISTORTION (%) 


INPUT VOLTAGE (mV [rms] ) INPUT VOLTAGE (mV{rms] } 
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Fe Ne ah 


MC1358 


ATTENUATION (dB) 


VOLTAGE GAIN (dB) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 — GAIN REDUCTION OF ATTENUATOR 


1.0 2.0 50 100 =. 200 500 
DC VOLUME CONTROL (k OHMS) 
FIGURE 10 —IF FREQUENCY RESPONSE 
100 
eee ew MeEG 
‘Pe eia ail eee R eel 
Peer eee 
70 — — —s 
nea HHP St 
opal Belen Ie adele JEN 
50 . 
pls el Ol alae edie use) lc ee 
Eapelal alee (eeemanain 
30 
a ee eee eae 
: ee ee lem eamneain 
(Sele wali BREE GI 
0.1 0.2 0.5 1.0 5.0 1 


FREQUENCY (MHz) 


FIGURE 12 — AM REJECTION, DETECTED AUDIO, 
THD, ATTENUATION TEST CIRCUIT 


Voc = 24V 


AM SIGNAL 


GENERATOR OC VOLUME 
(HEWLETT-PACKARD CONTROL 
TYPE 606A 


OR EQUIVALENT) WAVE ANALYZER 
(HEWLETT-PACKARD 
TYPE 302A 


OR EQUIVALENT) 


UNIVERTER 
(BOONTON 
TYPE 207H 


OR EQUIVALENT) DISTORTION 


ANALYZER 
AM-FM (HEWLETT- 
GENERATOR PACKARD 


(BOONTON 
TYPE 202H 
OR EQUIVALENT) 


L1= 10-16 gH 
O(unloaded) > 50 


TYPE 334A 


OR 
EQUIVALENT) 


Pins 11, 12, 13, 14 no connection. 


1000 


TOTAL HARMONIC DISTORTION (%) 


FIGURE 9— AUDIO AMPLIFIER THD 


OUTPUT VOLTAGE (VOLTS [rms] ) 


FIGURE 11 —!F FREQUENCY RESPONSE TEST CIRCUIT 


RF GENERATOR 
(HEWLETT-PACKARD 
TYPE 606A 
OR EQUIVALENT) 


RF VOLTMETER 
(BOONTON TYPE 91-€ 
OR EQUIVALENT) 


ina 


Pins 6, 7,8, 10, 11, 12, 13, 14 nc no connection. 


FIGURE 13 — AUDIO VOLTAGE GAIN, 
AUDIO THD TEST Ci RCUIT 


DISTORTION 
ANALYZER 
(HEWLETT- 
PACKARD 

TYPE 334A 

OR 


AUDIO GENERATOR 
(HEATH TYPE 1G-72 
OR EQUIVALENT) 


EQUIVALENT) 


RMS VOLTMETER 
(BALLANTINE 
TYPE 320 
OR EQUIVALENT) 


0.1 uF 


Pins 7,8, 11, 13 no connection. 
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FIGURE 14 — CIRCUIT SCHEMATIC 


ELECTRONIC ATTENUATOR BUFFER 
REGULATED POWER SUPPLY 490 DC VOLUME © CONTROL 7 9 DE-EMPHASIS 59 Vcc 


woe 
to 


SOUNDIF © 
INPUT © 
2 


SOUNDIF 
INPUT = 


10 


cs em 
= AUDIO O14 = TONE O?]3 — AUDIO O12 DETECTOR 


INPUT CONTROL QUTPUT 
AUDIO AMPLIFIER 
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(AA) MOTOROLA 


COLOR TV 
VIDEO 
IT 
COLOR TV VIDEO MODULATOR MODULATOR CIRCU 
, SILICON MONOLITHIC 


an integrated circuit used to generate an RF TV signal from INTEGRATED CIRCUIT 


baseband color-difference and luminance signals. 
The MC1372 contains a chroma subcarrier oscillator, a lead and 
lag network, a quasi-quadrature suppressed carrier DSB chroma 
modulator, an RF oscillator and modulator, and an LSTTL com- 
patible clock driver with adjustable duty cycle. 
The MC1372 is a companion part to the MC6847 Video Display 
Generator, providing and accepting the correct dc interconnection 
levels. This device may also be used as a general-purpose modulator 
with a variety of video signal generating devices such as video games, say e pLEKAGE 
test equipment, video tape recorders, etc. CASE 646-05 


@ Single 5.0 Vdc Supply Operation for NMOS 

and TTL Compatibility 
Minimal External Components 
Compatible with MC6847 Video Display Generator 
Sound Carrier Addition Capability Geciiater 
Modulates Channel 3 or 4 Carrier with Encoded Video Signal Input L2 

jos ; Duty Cycle ra] RF Modulator 

Low Power Dissipation Adj Output 


Pin Connections 


RF Tank 


Linear Chroma Modulators for High Versatility 
Composite Video Signal Generation Capability te AIC eee Aa te 


Ground-Referenced Video Prevents Overmodulation Color Ref ce ro Luminance 
Input Input 


Modulator 
Output 


FIGURE 1 — BLOCK DIAGRAM 


RF 
Color B Luminance Modulator 
Input Input Output 


Oscillator 8 Chroma 


and 


© Modulator 
ek Output 
Driver 
Ss, Chroma RF 
5 Modulator Oscillator 
Output 


130 140 
Fett 


wee 
RF Tank 


: Chro 
Oscillator Fe dai ae RF 7 0 Chrominance 
Input a Modulator Input 
Chrominance B 


Ground Duty Cycle Color A 
Adjust Input Reference 
Input 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Dissipation, Package 
Derate above 25°C * 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage ES ee ee 


Luma Input Voltage — Sync Tip 1.0 , Vdc 
Peak White 0.35 


Color Reference Voltage 
Color A, B Input Voltage Range 1.0 to 2.0 


ELECTRICAL CHARACTERISTICS (Vcc = +5 Vdc, Ta = 25°C, Test Circuit 1 unless otherwise noted) 


Characteristic 


Operating Supply Voltage 
Supply Current 


Output Voltage 


(VoH) 2.4 


Rise Time (V1 = 0.4 to 2.4 Vdc) 
Fall Time (V1 = 2.4 to 0.4 Vdc) 


Duty Cycle Adjustment Range (V3 = 5.0 Vdc) 70 
(Measured at V1 = 1.4 V) 


Inherent Duty Cycle (No connection to Pin 3) | 


Input Common Mode Voltage Range (Pins 5,6, 7) 
Oscillator Feedthrough (Measured at Pin 8) 


Modulation Angle [@8(V7 = 2.0 Vdc) — 68(V5 = 2.0 Vdc) ] 


Conversion Gain {V8/(V7 - V6); V8/(V5 — V6)] 


‘ 
nin 


> 


w 
° 
3s 


% 


< 
Q 
re) 


mV (p-p) 


degrees 


V (p-p)/Vde 
input Current (Pins 5, 6, 7) 
Input Resistance (Pins 5, 6, 7) 100 


Input Capacitance (Pins 5,6, 7) 


\ 
N 
| 
.~ 
> 


nr 


me 
roo) 
se) 


Chroma Modulator Linearity 
(V5=1.0to20V;V7=1.0 to 2.0 V) 


RF MODULATOR 


| Luma Input Dynamic Range (Pin 9, Test Circuit 2) 
RF Output Voltage (f = 67.25 MHz, V9 = 1.0 V) 


Luma Conversion Gain 
(AV12/AV9; V9 = 0.1 to 1.0 Vdc) Test Circuit 2 
Chroma Conversion Gain 


(AV12/AV10; V10 = 1.5 Vp-p; V9 = 1.0 Vdc) Test Circuit 2 
Chroma Linearity (Pin 12, V10 = 1.5 Vp-p) Test Circuit 2 


Input Resistance (Pin 10) 

Input Resistance (Pin 9) 100 aa een 
| Input Capacitance (Pins9,10) | 
| Residual 920 KHz (Measured at Pin 12)SeeNote1 Ss | = 
[| Output Current (Pin 12, V9=OV)TestCircuit2 | 


TEMPERATURE CHARACTERISTICS (Vcc =5 Vdc, Ta = 0 to 70°C, IC only) 


Chroma Oscillator Deviation (fg = 3.579545 MHz) fe +50 
RF Oscillator Deviation (fo = 67.25 MHz) ae 
Clock Drive Duty Cycle Stability 


NOTE 1. V9 =1.0 Vdc, V¢o = 300 mV (p-p) @ 3.58 MHz, 
Vs = 250 mV (p-p) @ 4.5 MHz, Source Impedance = 75 2. 


hace . 
ro) 
ae 
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5.6 k 


Vo 
Clock O 
Output 


Clock 
Output 


3.579545 MHz 


l 


50 
pF 


FIGURE 2 — TEST CIRCUIT 1 


OO RF Output 


Chroma Modulator 
U Output 


MC1372 


Duty Cycle 
Adjust 


FIGURE 3 — TEST CIRCUIT 2 


360 


1N4001 V12 
U Video Output 


8 i. Chroma Modulator 
Output 


MC1372 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-56 


ZS-O1 
SSDIAIG JOVAYSALNI/YVANIT VIOYOLOW 


FIGURE 4 — SCHEMATIC DIAGRAM 


Duty Cycle Oscillator Clock Luma Chrominance RF Modutator RF 
Adjust Input Driver Input Input Output Tank 
124 139 914 


beet, 
ines 


O Ground 


g Chroma 
O Modulator 
Output 


64 7 A, 
Color B Color Reference ColorA 
Input Input Input 


CLELOIN 


MC1372 


OPERATIONAL DESCRIPTION 


Pin 1 — Clock Output 

Provides a rectangular pulse output waveform with 
frequency equal to the chrominance subcarrier oscillator. 
This output is capable of driving one LS-TTL load. 


Pin 2 — Oscillator Input 

Color subcarrier oscillator feedback input. Signal from 
the clock output is externally phase shifted and ac cou- 
pled to this pin. 


Pin 3 — Duty Cycle Adjust 

A dc voltage applied to this pin adjusts the duty cycle 
of the clock output signal. If the pin is left unconnected, 
the duty cycle is approximately 50%. 


Pin 4 — Ground 


Pin 5 — Color B Input 

De coupled input to Chroma Modulator B, whose 
phase leads modulator A by approximately 100°. The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 
Reference Voltage at Pin 6. 


Pin 6 — Color Reference Input 

The dc voltage applied to this pin establishes the 
reference voltage to which Color A and Color B inputs 
are compared. 


Pin 7 — Color A Input 

De coupled input to Chroma Modulator A, whose 
phase lags modulator B by approximately 100°. The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 
Reference Voltage at Pin 6. 


Pin 8 — Chroma Modulator Output 

Low impedance (emitter follower) output which 
provides the vectorial sum of chroma modulators A 
and B. 


Pin 9 — Luminance Input 

Input to RF modulator. This pin accepts a dc coupled 
luminance and sync signal. The amplitude of the RF signal 
output increases with positive voltage applied to the pin, 
and ground potential results in zero output (i.e., 100% 
modulation). A signal with positive-going sync should 
be used. 


Pin 10 — Chrominance Input 

Input to the RF modulator. This pin accepts ac coupled 
chrominance provided by the Chroma Modulator Output 
(pin 8). The signal is reduced by an internal resistor divider 
before being applied to the RF modulator. The resistor 
divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. Additional gain reduction may be 
obtained by the addition of external series resistance 
to pin 10. 


Pinll—Vcc | 
Positive supply voltage 


Pin 12 — RF Modulator Output 

Common collector of output modulator stage. Output 
impedance and stage gain may be selected by choice of 
resistor connected between this pin and dc supply. 


Pins 13 and 14 — RF Tank 

A tuned circuit connected between these pins deter- 
mines the RF oscillator frequency. The tuned circuit must 
provide a low dc resistance shunt. Applying a dc offset 
voltage between these pins results in baseband composite 
video at the RF Modulator Output. 


MC1372 CIRCUIT DESCRIPTION 


The chrominance oscillator and clock driver consist of 
emitter follower Q4 and inverting amplifier Q5. Signal 
presented at clock driver output pin 1 is coupled to 
oscillator input pin 2 through an external RC and crystal 
network, which provides 180° phase shift at the resonant 
frequency. The duty cycle of the output waveform is 
determined by the dc component at pin 1 internally 
coupled through R12 to the base of Q4. As pin 1 dc 
voltage increases, a smaller portion of the sinusoidal 
feedback signal at pin 2 exceeds the 04 base voltage of 
two times VBE required for conduction. As the dc level 
is reduced, device O4 and thus Q5 is turned on for a 
longer percentage of the cycle. Transistors QO, Q1, 
Q2 and diode D1 provide the biasing network which 
determines the dc operating level of the oscillator. The 
transistor Q2 and resistors R5, R6, and R7 form a voltage 
reference of four times VBE at the collector of Q2. The 
de voltage at pin 1 is determined by the values of R4, 
R8, and R12 and the applied duty cycle adjust voltage 
at pin 3. Since these resistors are nominally equal, the 
voltage at pin 1 will always approximate the dc voltage 
at pin 3. 

The oscillator signal at pin 1 is internally coupled to 
active filter Q44. This filter reduces the frequency content 
above 4 MHz. The output of the filter at the emitter of 
044 is ac coupled through C3 to the input of the lead/lag 
network. R32 and C1 provide approximately 50° of phase 
lag, while C2 and R29 provide approximately 50° of 
phase lead. These two quasi-quadrature waveforms are 
used to switch chroma modulators B and A, respectively. 
The transistors Q22 through 025 and 032-033 form 
a doubly balanced modulator. The input signal applied 
at pin 5 is compared to the color dc reference voltage 
applied at pin 6 in differential amplifier Q32-Q33. The 
source current provided by transistor 034 is partitioned 
in transistors Q32 and O33 according to the differential 
input signal. The bases of transistors Q23 and Q24 are 
connected to the dc reference voltage at the emitter of 
Q30. The bases of transistors O22 and Q25 are connected 


eee errr errr eer SSS 
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to the phase delayed oscillator signal at the emitter of 
buffer transistor Q21. The differential signal currents 
provided by Q32 and Q33 are switched in transistors 
Q22 through Q25 and the resultant signal voltage is 
developed across R49. This signal has the phase and 
frequency of the oscillator signal at the emitter of 021. 
The amplitude is proportional to the differential input 
signal applied between pins 5 and 6. Transistors Q26 
through 029 and Q38-Q039 form chroma modulator B. 
This modulator develops a signal voltage which is propor- 
tional to the differential voltage applied between pins 
7 and 6. The phase and frequency of the output is equal 
to the phase advanced chroma oscillator at the emitter 
of buffer transistor Q20. Both chroma modulators A and 
B share the same output resistor, R49, so the output 
signal presented at the emitter of Q42 (pin 8) is the 
algebraic sum of modulators A and B. . 

The RF oscillator consists of differential amplifier 
Q18 and Q19 cross-coupled through emitter followers 
Q16 and O17. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 13 and 14. The oscillator output is used to switch 
the doubly balanced RF modulator, Q9 through Q15. 
Transistors Q7 and QO8 provide level shifting and a high 
input impedance to the luminance input pin 9. The 
bases of transistors O9 and Q10 are both biased through 
resistors R17 and R18, respectively, to the same dc 
reference voltage at O6 emitter. The base voltage at O10 
may only be offset in a negative direction by luminance 
signal current source Q8. This design insures that over- 
modulation due to the luminance signal will never occur, 
The chrominance signal developed at pin 8 is externally 
ac coupled to pin 10 where it is reduced by resistor 
dividers R20 and R17, and added to the luminance 
signal in Q9. The resultant differential composite video 
currents are switched at the appropriate RF frequency 
inQ12 through Q15. The output signal current is presented 
at pin 12. 

Transistors 036, O41 and resistors R44, R47 provide 
a highly stable voltage reference for biasing current sources 
043, 034, 035, and Q11. 


MC1372 APPLICATION INFORMATION 


Chrominance Oscillator 

The oscillator is used as a clock signal for driving 
associated external circuitry, in addition to providing a 
switching signal for the chroma modulators. The IC uses 
an external crystal in a Colpitts configuration, as shown 
in Figure 5. Resistor R1 provides current limiting to 
reduce the signal swing. Capacitor C2. is adjusted for 
the exact frequency desired (3.579545 MHz). 

In some applications, the duty cycle of the clock signal 
at pin 1 must be modified to overcome gate delays in 


associated equipment. The duty cycle may be adjusted 
by varying the dc voltage applied to pin 3. This adjust- 
ment may be made with the use of a potentiometer 
(10 kQ.) between supply and ground. With no connection 
to pin 3, the duty cycle is approximately 50%. 


Chroma Modulator a 

The chrominance oscillator is internally phase shifted 
and applied to chroma modulators A and B.“No external 
lead/lag networks are necessary. The phase relationship 
between the modulators is approximately 100°, which 
was chosen to provide the best rendition of colors using 
equal amplitude color-difference signals. The voltage 
applied to pin 5, 6, or 7 must always be within the Input 


Common Mode Voltage Range. Since the amplitude of. 


chrominance output is proportional to the voltage dif- 
ference between pins 5 and 6 or 7 and 6, it is desirable 
to select the Color Reference Voltage applied to pin 6 to 
be midway between V5max and VOmin (which should 
be V7max and V7min). The Chroma B Modulator will be 
defined as a (B-Y) modulator if a burst flag signal is 
applied to the Color B Input (pin 5) at the appropriate 
time. This voltage should be negative with respect to the 
Color Reference Voltage, and typically has an amplitude 
equal to 1/2[V6-V5min]. Since the phase of burst is 
always defined as -(B-Y), the Chroma A Modulator 
approximates an (R-Y) modulator; however, the phase 
is offset by 10° from the nominal 90°, to provide the 
100° phase shift as discussed previously. 


RF Modulator and Oscillator 

The coil and capacitor connected between pins 13 and 
14 should be selected to have a parallel resonance at the 
carrier frequency of the desired TV channel. The values 
of 56 pF and 0.1 wH shown in Figure 5 were chosen 
for a Channel 4 carrier frequency of 67.25 MHz. For 
Channel 3 operation, the resonant frequency should 
be 61.25 MHz (C = 75 pF, L=0.1 uH). Resistors R4 and 
R5 are chosen to provide an adequate amplitude of 
switching voltage, whereas R6 is used to lower the maxi- 
mum dc level of switching voltage below Vcc, thus 
preventing saturation within the IC. 

Composite Luminance and Sync should be dc coupled 
to Luminance Input, pin 9. This signal must be within 
the Luma Input Dynamic Range to insure linearity. 
Since an increase in dc voltage applied to pin 9 results 
in an increase in RF output, the input signal should 
have positive-going sync to generate an NTSC compatible 
signal. As long as the input signal is positive, over- 
modulation is prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 10. This pin is internally con- 


nected to a resistor divider consisting of a series 300 


ohms and a shunt 500 ohms resistor. The input impedance 
is thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 
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FIGURE 5 — TYPICAL APPLICATION CIRCUIT 
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MC1372 
Color TV 
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na and Sync 


The Luminance to Chrominance ratio (L:C) may be 
modified with the addition of an external resistor in series 
with pin 10 (as shown in Figure 5). The unmodified L:C 
(Ag) is determined by the ratio of the respective Conver- 
sion Gain for equal amplitude signals (typically, 0.883 = 
-1.6 dB). The modified L:C will be governed by the 
equation Ao(1 + Rext/800) for equal amplitude input 
signals. 


The internal chrominance modulators are not inter- 
nally connected to the RF modulator; therefore, the user 
has the option of connecting an externally generated 
chrominance signal to the RF modulator. !n addition, 
the RF modulator is wideband, and a 4.5 MHz FM audio 
signal may be added to the chrominance input at pin 10. 
This may be accomplished by selecting an appropriate series 
input resistor to provide the correct Luminance:Sound 
ratio. 


The modulated RF signal is presented as a current 


at RF Modulator Output, pin 12. Since this pin represents 


a current source, any load impedance may be selected for 
matching purposes and gain selection, as long as the vol- 


0.001 wF 


R5 
67.25 MHz 


240 
Ch. 4 


tage at pin 12 is high enough to prevent the output 
devices from reaching saturation (approximately 4.5 V 
with components in Figure 5). The peak current out of 
pin 12 is typically 2 mA. Hence, a load resistance of up 
to 250 ohms may be safely used with a 5 V supply. 


Composite Video Signal Generation 

The RF. modulator may be easily used as a composite 
video generator by replacing the RF oscillator tank 
circuit with a diode as shown in Figure 3. This results in 
the output modulator being biased so the summation of 
luminance and chrominance appears unswitched at 
pin 12. The polarity of the output waveform is con- 
trolled by the direction of the diode. /nverted video: 
Anode to pin: 14, cathode to pin 13. Non-inverted 
video: Anode to pin 13, cathode to pin 14. Note that the 
supply resistor must always be connected to the anode 


of the diode. 


The amplitude of signal may be increased by increasing 
the load resistor on pin 12 and returning it to a higher 
supply voltage. Any voltage up to the Absolute Maximum 
Rating may be used. 
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Applications with MC6847 Video Display Generator 

The MC1372 may be easily interfaced to the MC6847 
as shown in Figure 5. The dc levels generated and required 
by the VDG are compatible with the MC1372, so that 
pins 1, 5, 6, 7, and 9 may be directly coupled to the 
appropriate MC6847 pins. Both integrated circuits as 
well as any associated NMOS MPU may be driven from 
acommon 5 Vdc supply. 


Recommended Chroma-Luma Signals 

A chroma modulation angle of 100° was chosen to 
facilitate a desirable selection of colors with a minimum 
number of input signal levels. The following table demon- 
strates applicable signal levels for a variety of colors. 


RECOMMENDED CHROMA-LUMA SIGNALS 


Pin #9 
Luminance 
Input 
(Vdc) 


EC 
Blanking | 0.75 | ts fs Ts 
Brat 078 |.) 426) 

POO; Se Aon 
(inne GTS eee One 
Yellow | 0.38 | 15 | 15 | 10 | 
Bue | ez | is | 1s [20 | 
id ae 02. |S a6 
CC Se 
Orange 050 | 20 | 15 | 10 


Color A | Color Ref. 
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TV VIDEO 
MODULATOR CIRCUIT 


Advance Information 


. SILICON MONOLITHIC 
TV VIDEO MODULATOR | INTEGRATED CIRCUIT 


_.. an RF oscillator and dual-input modulator to generate a TV 
signal from baseband video inputs. 

Applications include video games, home computer display, 
video tape recorders, and test equipment. 

The very low level of intermodulation products, compact pack- 
age and small external component count make this device su- 
perior to simple discrete circuits. 

@ Single 5.0 Vdc Supply 
@ Channel 3 or 4 Operation 
e Excellent Oscillator Stability to 100 MHz 


ere CASE 626-04 
Color and Sound Compabitility P SUFFIX 


e 
© Dual Input Modulator for Ease of Signal Handling 
e Low Intermodulation (—50 dB 920 kHz Beat) 

e Overmodulation Protection 


PIN CONNECTIONS 


RF Tank 


RF Tank 


+5 V 


FIGURE 1 — BLOCK DIAGRAM AND APPLICATION CIRCUIT 


Sound/ 
Chroma 
Input 


R2 
240 


RF 
Oscillator 


1.0 V — Composite 
Video Input 4 

0.35 V 
OoV— 


Sound/Chroma O | 
Input 


VSB 
Filter 


RFE 
Output 


RFE 
Modulator : 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


Po Rating Tate | unit 
Supply Voltage J} 80 | vac 


dc 
Operating Ambient Temperature Range 0 to +70 % 
Storage Temperature Range -65 to +150 - > V2EC 


Power Dissipation, Package 
Derate above 25°C 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


Luma Input Voltage — Sync Tip 1.0 Vdc 
Peak White . 0.35 


Characteristic 


Operating Supply Voltage 
Supply Current 
RF MODULATOR 


Luma Input Dynamic Range (Pin 4, Test Circuit 2) 


RF Output Voltage (f = 67.25 MHz, V4 = 1.0 V) 


Luma Conversion Gain 
(AV7/AV4, V4 = 0.1 to 1.0 Vdc) Test Circuit 2 


Chroma Conversion Gain 
(AV7/AV5; V5 = 1.5 Vp-p;V4 = 1.0 Vdc) Test Circuit 2 


Input Current (Pin 4) , 
ei 2 (NS 
Resta! 820 Khe (Meosured at Pin 7) Segoe 1 
[owt Gurent (Pin 7, V4= OV) Tes Creuie? 


TEMPERATURE CHARACTERISTICS (Vcc = 5 Vdc, Ta = 0 to 70°C, IC only) 


RF Oscillator Deviation (fo = 67.25 MHz) ae Se ae ee eee 


NOTE 1. RF Reference Level = 6.0 mV @ Pin 7. Load Impedance = 75 Q.. 
RF + 4.5 MHz = -13 dB. 


RF + 3.58 MHz = -20 dB. 


FIGURE 2 — TEST CIRCUIT 1 FIGURE 3 — TEST CIRCUIT 2 


+7 V 
O 


1N4001 
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Luma Chrominance 
Input Input 
6 4 O 5 O 
Vcc O 


R6 
R5 
500 


The RF oscillator consists of differential amplifier 
Q13 and Q14 cross-coupled through emitter followers 
Q11 and Q12. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 1 and 2. The oscillator output is used to switch the 


SCHEMATIC DESCRIPTION 


a 
icra 


doubly balanced RF modulator, C4 through Q10. Tran- | 


sistors Q2 and Q3 provide level shifting and a high input 
impedance to the luminance input pin 4. The bases of 


transistors Q4 and QO5 are both biased through resistors — 


R4 and R§5, respectively, to the same dc reference voltage 
at Q1 emitter. The base voltage at O5 may only be offset 
in a negative direction by luminance signal current source 
Q3. This design insures that overmodulation due to the 
luminance signal will never occur. The chrominance signal 
is externally ac coupled to pin 5 where it is reduced by 
resistor dividers R7 and R4, and added to the luminance 
signal in O4. The resultant differential composite video 
currents are switched at the appropriate RF frequency in 
Q7 through Q10. The output signal current is presented 
at pin 7. 

Transistors 015, Q16 and resistors R15, R16 provide 
a highly stable voltage reference for biasing the current 
source O6. 


OPERATIONAL DESCRIPTION 


Pins 1 and 2 — RF Tank. A tuned circuit connected 
between these pins determines the RF_ oscillator 
frequency. The tuned circuit must provide a low dc 
resistance shunt. Applying a dc offset voltage between 
these pins results in baseband composite video at the 
RF Modulator Output. 

Pin 3 — Ground. 

Pin 4 — Luminance Input. Input to RF modulator. 
This pin accepts a dc coupled luminance and sync signal. 
The amplitude of the RF signal output increases with 
positive voltage applied to the pin, and ground potential 
results in zero output (i.e., 100% modulation). A signal 
with positive-going sync should be used. 

Pin 5 — Chrominance/Sound Input. Input to the RF 
modulator. This pin accepts an ac coupled chrominance 


signal. The signal is reduced by an internal resistor divider © 


FIGURE 4 — SCHEMATIC DIAGRAM 


RF Modulator RF 
Output Tank 
79° 190 02 


ao 


R15 
3.4 k 


Q15 


R16 


before being applied to the RF modulator. The resistor 
divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. A 4.5 MHz FM audio signal may be 
added to the input by selecting an appropriate series 
input resistor to provide the correct Luminance:Sound 
ratio. . 

Pin 6 — Vcc. Positive supply voltage. 

Pin 7 — RF Modulator Output. Common collector of 
output modulator stage. Output impedance and stage gain 
may be selected by choice of resistor connected between 
this pin and dc supply. 

Pin 8 — No Connection. 


APPLICATIONS INFORMATION (Refer to Figure 1) 


RF Modulator and Oscillator 

The coil and capacitor connected between pins 1 and 2 
should be selected to have a parallel resonance at the 
carrier frequency of the desired TV channel. The values 
of 56 pF and 0.1 WH shown in Figure 1 were chosen for 
a Channel 4 carrier frequency of 67.25 MHz. For Channel 
3 operation, the resonant frequency should be 61.25 MHz 
(C = 75 pF, L = 0.1 WH). Resistors R2 and R3 are chosen 
to provide an adequate amplitude of switching voltage, 
whereas R4 is used to lower the maximum dc level of 
switching voltage below Vcc, thus preventing saturation 
within the IC. | 


Composite Luminance and Sync should be dc coupled 
to Luminance Input, pin 4. This signal must be within the 
Luma Input Dynamic Range to insure linearity. Since an 
increase in dc voltage applied to pin 4 results in an in- 
crease in RF output, the input signal should have positive- 
going sync to generate an NTSC compatible signal. As 
long as. the input signal is positive, overmodulation is 
prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 5. This pin is internally con- 
nected to a resistor divider consisting of a series 300 ohms 
and a shunt 500 ohms resistor. The input impedance is 
thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 
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TV MODULATOR CIRCUIT 


The MC1374 includes an FM audio modulator, sound carrier TV MODULATOR CIRCUIT 
oscillator, RF oscillator, and RF dual input modulator. It is designed 
to generate a TV signal from audio and video inputs. The MC1374’s SILICON MONOLITHIC 
wide dynamic range and low distortion audio make it particularly INTEGRATED CIRCUIT 
well suited for applications such as video tape recorders, video disc . 
players, T.V. games and subscription decoders. 


Single Supply, 5 Vto 12 V 
Channel 3 or 4 Operation 
Variable Gain RF Modulator 
Wide Dynamic Range 

Low Intermodulation Distortion 


Positive or Negative Sync 
l 
Low Audio Distortion PL Pati ere 


Few External Components CASE 646-05 


FIGURE 1 — TYPICAL APPLICATION 


Channel 3 


0.22 wH 0.22 wH 
L3 


C11 C12 


ry el ae 7 a 


U1 
MC1374 R14 D2 
56 k +,, 1N914 


C10 
R12 10 pf Video In 


180 k 
+ 


Audio In 
6 


R13 C 
30 k 1 uF 


L1 - 4 Turns, #22, 1/4” Dia. 
L2 - 40 Turns, #36, 3/16” Dia. 


Shaded Parts Optional 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
“Rating 


-65 to +150 
Junction Temperature | 1500 
Power Dissipation, Package 1.25 
Derate above 25°C 10 mW/°C 


AM OSCILLATOR/MODULATOR 
ELECTRICAL CHARACTERISTICS (Vcc = 12 Vac, Ta = 25°C, fo = 67.25 MHz, Figure 4 circuit, unless noted) 


Characteristic 


Opérating Supply Voltage 
Supply Current (Figure 1) 


Carrier Suppression 


Linearity (75% to 12.5% Carrier, 15 kHz to 3.58 MHz) ae eee oe oe % 
Goons Phase Dutton SE MRGTRETosSona) [8 | 20 | eos 

920 kHz Beat (3.58 MHz @ 30%, 4.5 MHz @ 25%) Fo 57 a ee 
Video Bandwidth (75 © Input Source) ee ee ee 


Internal Resistance across Tank (Pin 6 to Pin 7) 1.8 kO 
Internal Capacitance across Tank (Pin 6 to Pin 7) 4.0 pF 


FM OSCILLATOR/MODULATOR 
ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 12 Vde, 4.5 MHz, Test circuit of Figure 11 unless noted) 


4.5 14 


Frequency Range of Modulator 
4 Frequency Shift versus Temperature (Pin 14 open) : : “kHz/°C 
Frequency Shift versus Vcc (Pin 14 open) ; kHz/V 
| Output Amplitude (Pin 3 not loaded) 
Output Harmonics, Unmodulated 


Modulation Sensitivity 1.7 MHz 
4.5 MHz 
10.7 MHz 


Audio Distortion (+25 kHz Deviation ,Optimized Bias Pin 14) 
Audio Distortion (+25 kHz Deviation, Pin 14 self biased) 
Incidental AM (+25 kHz FM) 


Audio Input Resistance (Pin 14 to ground) 
Audio Input Capacitance (Pin 14 to ground) 


Stray Tuning Capacitance (Pin 3 to ground) 
Effective Oscillator Source Impedance (Pin 3 to load) 


a 
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FIGURE 2 — TV MODULATOR 


FM Oscillator/Modulator 
Sound Carrier 


Bias 
Section 
Audio In ° 


C1 
F 


R17 
OQ 


5 


eel 


GENERAL DESCRIPTION 


The MC1374 contains an RF oscillator, RF modulator, 
and a phase-shift type FM modulator, arranged to permit 
good printed circuit layout of a complete T.V. modulation 
system. The RF oscillator is similar to the one used in 
MC1372 and MC1373, and is coupled internally in the 
same way. It’s frequency is controlled by an external tank 
on Pins 6 and 7, or by acrystal circuit, and will operate to 
approximately 105 MHz. The video modulator is a bal- 
anced type as used in the well known MC1496. Modu- 
lated sound carrier and composite video information can 
be put in separately on pins 1 and 11 to minimize unwanted 
crosstalk. A single resistor on Pins 12 and 13 is selected 
to set the modulator gain. The RF output at Pin 9 is a 
current source which drives a load connected from Pin 9 
to Vcc. 

The FM system was designed specifically for the T.V. 
intercarrier function. For circuit economy, one phase shift 
circuit was built into the chip. Still, it will operate from 1.4 
MHz to 14 MHz, low enough to be used in a cordless 


Sound AM Modulator AM Oscillator 
Carrier RFE 
Oscillator Vcc Out RF Tank 


@— 1, = 1.15 mA 


Sound Carrier Gain 


In 


telephone base station(1.76 MHz), and high enough to be 
used as an FM IF test signal source (10.7 MHz). At 4.5 
MHz, a deviation of +25 kHz can be achieved with 0.6% 
distortion (typical). 

In the circuit above devices Q1 through Q7 are active in 
the oscillator function. Differential amplifier Q3, 04, Q5, 
and Q6 acts as a gain stage, sinking current from input 
section Q1, Q2 andthe phase shift network R17,C1. Input 
amplifier Q1, Q2 can vary the amount of “in phase’ O4 
current to be combined with phase shifter current in load 
resistor R16. The R16 voltage is applied to emitter fol- 
lower Q7 which drives an external L-C circuit. Feedback 
from the center of the L-C circuit back to the base of Q6 
closes the loop. As audio input is applied which would off- 
set the stable oscillatory phase, the frequency changes to 
counteract. The input to Pin 14 can include a de feedback 
current for AFC over a limited range. 

The modulated FM signal from Pin 3 is coupled to Pin 1 
of the RF modulator and is then modulated onto the AM 
carrier. 
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THE AM SECTION 


The AM modulator transfer function in Figure 3 shows 
that the video input can be of either polarity (and can be 
applied at either input). When the voltages on Pin 1 and 
Pin 11 are equal, the RF output is theoretically zero. As 
the difference between Vpjn 11 and Vpin 1 increases, the 
RF output increases linearly until all of the current from 
both |4 current sources (Q8 and Q9) is flowing in one 
side of the modulator. This occurs when +(Vpin 11 - VPin 1) 
= 11 RG, where 17 is typically 1.15 mA. The peak-to-peak 
RF output is then 21; Ri. Usually the value of Ry is chosen 
to be 752 to ease the design of the output filter and match 
into T.V. distribution systems. The theoretical range of 
input voltage and RG is quite wide, but noise and available 
sound level limit the useful video (sync tip) amplitude to 
between 0.25 and 1.0 Vpk. It is recommended that the 
value of RG be chosen so that only about half of the dyna- 
mic range will be used at sync tip level. 

The operating window of Figure 5 shows a cross-- 
hatched area where Pin 1 and Pin 11 voltages must 
always be in order to avoid saturation in any part of the 
modulator. (The letter @ represents one diode drop, or 
about 0.75 V.) The oscillator Pins 6 and 7 must be biased 
to alevel of Vcc - ¢ - 214 RL (or lower) and the input Pins 1 
and11 must always be at least 2¢ below that. It is permis- 
sible to operate down to 1.6 V, saturating the current 
sources, but whenever possible, the minimum should be 
3¢@ above ground. 


The oscillator will operate dependably up to about 105 
MHz with a broad range of tank circuit components values. 
Itis desirable to use asmallL and alargeC to minimize the 
dependence on |.C. internal capacitance. An operating O 
between 10 and 20 is recommended. The values of R1, Ro 
and R3 are chosen to produce the desired O and to Set the 
Pin 6 and 7 d.c. voltage as discussed above. Unbalanced 
operation; i.e., Pin 6 or 7 bypassed to ground, is not recom- 
mended. Although the oscillator will still run, and the 
modulator will produce a useable signal, this mode causes 
substantial base-band video feedthrough. Bandswitching, 
as Figure 1 shows, can still be accomplished economically 
without using the unbalanced method. 

The oscillator frequency with respect to temperature in 
the test circuit shows less than +20 kHz total shift from 
O°C to 50°C as shown in Figure 7. At higher temperatures 
the slope approaches 2.0 kHz/°C. Improvement in this 
region would require a temperature compensating tuning 
capacitor of the N75 family. 

Crystal control is feasible using the circuit shown in 
Figure 21. The crystal is a 3rd overtone series type, used 
in series resonance. The L1, C2 resonance is adjusted 
well below the crystal frequency and is sufficiently tolerant 
to permit fixed values. A frequency shift versus temper- 
ature of less than 1.0 Hz/°C can be expected from this 
approach. The resistors Ra and Rb are to suppress para- 
sitic resonances. 

Coupling of output RF to wiring and components on Pins 
1 and 11 can cause as much as 300 kHz shift in carrier (at 
67 MHz) over the video input range. A careful layout can 
keep this shift below 10 kHz. Oscillator may also be inad- 
vertently coupled to the RF output, with the undesired 
effect of preventing a good null when V1 4 = V1. Reason- 
able care will yield carrier rejection ratios of 36 to 40 dB 
below sync tip level carrier. 


in television, one of the most serious concerns is the 
prevention of the intermodulation of color (3.58 MHz) and 
sound (4.5 MHz) frequencies, which causes a 920 kHz sig- 
nal to appear in the spectrum. Very little (3rd order) non- 
linearity is needed to cause this problem. The results in 
Figure 6 are unsatisfactory, and demonstrate that too 
much of the available dynamic range of the MC1374 has 
been used. Figures 8 and 10 show that by either reducing 
standard signal level, or reducing gain, acceptable results 
may be obtained. 

At VHF frequencies, small imbalances within the device 
introduce substantial amounts of 2nd harmonic in the RF 
output. At 67 MHz, the 2nd harmonic is only 6 to 8 dB 
below the maximum fundamental. For this reason a 
double pi low pass filter is shown in the test circuit of 
Figure 3 and works well for channel 3 and 4 lab work. For 
a fully commercial application, a vestigial sideband filter 
will be required. The general form and approximate values 
are shown in Figure 19. It must be exactly aligned to the 
particular channel. 


FIGURE 3 — AM MODULATOR TRANSFER FUNCTION 
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FIGURE 4 — AM TEST CIRCUIT 
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FIGURE 5 — THE OPERATING WINDOW 


FIGURE 6 — 920 kHz BEAT 
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FM SECTION 


The oscillator center frequency is approximately the 
resonance of-the inductor L2 from Pin 2 to Pin 3 and the 
effective capacitance C3 from Pin 3 to ground. For overall 
oscillator stability, it is best to keep X__in the range of 300 0 
to 1.0 kf. 

The modulator transfer characteristic at 4.5 MHz is 
shown in Figure 15. Transfer curves at other frequencies 
havea very similar shape, but differ in deviation per input 
volt, as shown in Figures 13 and 17. 

Most applications will-‘not require dc connection to the 


audio input, Pin 14. However, some improvements can be . 


achieved by the addition of biasing circuitry. The unaided 
device will establish its own Pin 14 bias at 4 6, or about 
3.0 V. This bias is a little too high for optimum modulation 
linearity. Figure 14 shows better than 2-to-1 improvement 
in distortion between the unaided device and pulling Pin 14 
down to 2.6 to2.7 V. This can be accomplished by a simple 
divider, if the supply voltage is relatively constant. 

The impedance of the divider has a bearing on the fre- 
quency versus temperature stability of the FM system. A 
divider of 180 kN and 30 kQ (for Vcc = 12 V) will give good 
temperature stabilization results. However, as Figure 18 
shows, a divider is not a good method if the supply voltage 
varies. The designer must make the decisions here, based 
on considerations of economy, distortion and temperature 
requirements and power supply capability. If the distortion 
requirements are not stringent, then no bias components 
are needed. If, in this case, the temperature compensation 
needs to be improved in the high ambient area, the tuning 
capacitor from Pin 3 to ground can be selected from N75 
or N150 temperature compensation types. _ 

Another reason for dc input to Pin 14 is the possibility of 
automatic frequency control. Where high accuracy of 
intercarrier frequency is required, it may be desirable to 
feed back the dc output of an AFC or phase detector for 
nominal carrier frequency control. Only limited control 
range could be used without adversely affecting the dis- 
tortion performance, but very little frequency compensa- 
tion will be needed. 

One added convenience in the FM section is the separate 
Pin “oscillator B+’’ which permits disabling of the sound 
system during alignment of the AM section. Usually it can 
be hard wired to the Vcc source without decoupling. 

Standard practice in television is to provide pre- 
emphasis of higher audio frequencies at the transmitter 
and a matching de-emphasis in the T.V. receiver audio 
amplifier. The purpose of this is to counteract the fact that 
less energy is usually present in the higher frequencies, 
and also that fewer modulation sidebands are within the 
deviation window. Both factors degrade signal to noise 
ratio. Pre-emphasis of 75 ys is standard practice. For 
cases where it has not been provided, a suitable pre- 
emphasis network is covered in Figure 20. 

It would seem natural to take the FM system output from 
Pin 2, the emitter follower output, but this output is high 
in harmonic content. Taking ‘the output from Pin 3 sacri- 
fices somewhat in source impedance but results inaclean 
output fundamental, with all harmonics more than 40 dB 
down. This choice removes the need for additional filtering 


n 


MAXIMUM CENTER-FREQUENCY 
v0 


LOPE [af/AVin}) (MHz/V) 


components. The source impedance of Pin 3 is approxi- 
mately 2.0 kM, and the open circuit amplitude is about 
900 mV p-p for the test circuit shown in Figure 11. 

The application circuit of Figure 1 shows the recom- 
mended approach to coupling the FM output from Pin 3 to 
the AM modulator input, Pin 1 . The input impedance at 


Pin 1 is very high, so the intercarrier level is determined ~ 


by the source impedance of Pin 3 driving through C4 into 
the video bias circuit impedance of R4 andR85, about 2.2 K. 
This provides an intercarrier level of 500 mV p-p, which is 
correct for the 1.0 V peak video level chosen in this design. 
Resistor R6 and the input capacitance of Pin 1 provide 
some decoupling of stray pickup of RF oscillator or AM out- — 
put which may be coupled to the sound circuitry. 


FIGURE 11 — FM TEST CIRCUIT 
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FIGURE 12 — MODULATOR SENSITIVITY 
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FIGURE 13 — MODULATOR TRANSFER 
FUNCTION (1.76 MHz) 
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FIGURE 15 — MODULATOR TRANSFER 
FUNCTION (4.5 MHz) 
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FIGURE 17 — MODULATOR TRANSFER 
FUNCTION (10.7 MHz) 
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FIGURE 14 — DISTORTION versus MODULATION DEPTH 
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FIGURE 16 — FM SYSTEM FREQUENCY 
versus TEMPERATURE 
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FIGURE 18 — FM SYSTEM FREQUENCY versus Vcc 
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FIGURE 19 — A CHANNEL 4 VESTIGIAL FIGURE 21 — CRYSTAL CONTROLLED RF OSCILLATOR 


| Vec | SIDEBAND FILTER FOR CHANNEL 3, 61.25 MHz 
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FIGURE 20 — AUDIO PRE-EMPHASIS CIRCUIT 
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Advance Information 


FM MODULATOR CIRCUIT 


SILICON MONOLITHIC 
FM MODULATOR CIRCUIT INTEGRATED CIRCUIT 


...avoltage-controlled oscillator/ modulator ideally suited to cord- 
less telephone and television intercarrier applications. 


Wide Supply Range (5.0-12 Vdc) 


Useful Frequency Range (1.4-14 MHz) 


@ Low Distortion (<1%) 
CASE 626-04 


@ Excellent Oscillator Stability 


@ Output RF Driver Transistor Included 


tate Ground VEC 
@ Low Cost, Low Component Count Circuit 


sa = FM Output 
@ Wide Deviation Capability 


Auxiliary 


Osc Tank 
Transistor 


Audio 
Input 


FIGURE 1 — CORDLESS TELEPHONE BASE STATION TRANSMITTER (1.76 MHz) 


O Vcc = 5.0 V 


Voltage- 
Controlled 
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This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS (Ta, 25°C unless otherwise noted) 


Power Dissipation, Package 
Derate above 25°C 


Operating Supply Voltage 
Supply Current, Vcc = 12 Vdc (excluding transistor) 


Frequency Range of Modulator 
Frequency Shift versus Temperature (R1 =) 
Frequency Shift versus Vcc (R1 = &) 

Output Amplitude , 

Output Harmonics, Unmodulated 


Modulation Sensitivity 1.7 MHz 
4.5 MHz 
10.7 MHz 


Audio Distortion (+25 kHz, Deviation, R1 = 27k, fg = 4.5 MHz) 
Incidental AM (+25 kHz FM, 4.5 MHz) 


Audio Input Resistance (Pin 5 to ground) 
Audio Input Capacitance (Pin 5 to ground) 


Stray Tuning Capacitance (Pin 7 to ground) 
Effective Oscillator Source Impedance (Pin 7) 


Collector-Base Breakdown Voltage V(BR)CBO 15 40 Vde 
(I¢ = 10 wAdc) 

Collector-Emitter Breakdown Voltage — Vdc 
(I¢ = 1.0 wAdc) 

Collector-Substrate Breakdown Voltage 40 Vdc 
(Ic = 10 pAdc) 

Emitter-Base Breakdown Voltage — — Vde 
(l— = 10 wAdc) 

Collector-Base Cutoff Current — 200 nAdc 


(IgE = 10 Vdc, IE = O) 


DC Current Gain hFE 40 90 ee = 
(Ic = 10 mAdc, VcE = 3.0 Vdc) 


AUXILIARY TRANSISTOR DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(VcE = 3.0 Vdc, Ic = 3.0 mAdc) 


Collector-Base Capacitance 


(Vcp = 3.0 Vdc, Ic = 0) 


Collector-Substrate Capacitance 
(Ves = 3.0 Vdc, Ic = 0) 
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FIGURE:2 — TEST CIRGUIT | 
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FIGURE 4 — MODULATOR TRANSFER FUNCTION (4. 5 MHz) 
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MC1376 GENERAL INFORMATION 


This device was initially designed for the base station 
transmitter of a cordless telephone, the 1.76 MHz FM 
modulator shown in Figure 1. It alsocontains a “separate” 
transistor suitable for service as an output buffer or ampli- 
fier for up to 50 mA. Though the oscillator contains internal 
phase shift components which are not accessible, the 
MC1376 still has an operating frequency range of 1.4 to 
14 MHz, making it a good companion to MC1372 or 
MC1373 as a4.5 or 5.5 MHz intercarrier sound modulator 
for television signal generation. Also, the device can be 
used as a low cost FM_IF (10.7 MHz) signal source for the 
production line or lab. Although not suitable for true high 
fidelity distortion measurements, it can handle quite wide 
deviation with very modest distortion, compared to other 
oscillator configurations. The modulator section is identi- 
cal to the FM portion of the MC1374, TV. modulator. 


FIGURE 5'— MODULATOR TRANSFER FUNCTION (10.7 MHz) 
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FIGURE 6 — MODULATOR SENSITIVITY 
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APPLICATIONS INFORMATION 


The oscillator center frequency is approximately the 
resonance of the inductor (Pin 6 to Pin 7) and the total 
capacitance from Pin 7 to ground. include 6.0 pF (internal) 
and the circuit strays in the resonant frequency calcula- 
tions for the higher frequency applications. For overall 
oscillator stability, it is best to keep the X,_ and X¢ in the 
range of 300 0 to 1.0 kf. 

The modulator transfer characteristics for three test 


frequencies are shown in Figures 3, 4 and 5. Although the 


horizontal axes of these curves are labelled ‘‘de input 
voltage, Pin 5”, they are valid transfer functions relating 
instantaneous Pin 5 voltage to output frequency. 

Figure 6 is a plot of the maximum deviation per input volt 
over the usable frequency range of the part. 

Most applications will require no dc connection at the 
audio input, Pin 5. However, some performance improve- 
ments can be achieved by addition of biasing circuitry. The 
unaided device will usually establish its own Pin 5 bias at 
2.9 to 3.0 V. A brief study of Figures 3, 4, and 5 shows 
that this bias is a little high for optimum modulation 
linearity. This is verified by taking distortion measurments 
using a high quality FM detector (see Figure 7). Note that 
the distortion readings can be significantly reduced by 
externally pulling Pin 5 bias down to 2.6 to 2.7 V. 
Temperature and supply voltage factors must also be 
considered in determining bias implementation. . 

Figure 8 shows frequency as a function of temperature 
for several biasing methods (refer to the Test Circuit in 
Figure 2). This shows that pulling Pin 5 down to 2.6 V 
through 27 kO, greatly improves the temperature stability. If 
Vcc is well regulated, then a simple 180k0./30kQ resistor 
divider is a good choice for optimum distortion and fre- 
quency stability versus temperature. However, if Vcc is 
not regulated, then the divider is not a good method, as 
shown in Figure 9. To summarize, the biasing of Pin 5 
must be done with considerations of distortion, ambient 
temperature, and supply stability. Temperature drift can 
also be compensated by means of controlled temperature 
coefficient capacitors, which are very common and inex- 
pensive in this range of values. An N150type used for C1 
will nearly flatten the R1 = case in Figure 8. 

The FM output at Pin 7 is usually about 600 mVp-p and 
has low harmonic content and high (2 kQ.) output imped- 
ance. The oscillator behavior is relatively unaffected by 
loading above 1.0kQ. If lower impedance must be driven, 
the capacitive divider used in the test circuit is a useful 
technique, or the ‘extra’ transistor can be used as a buffer. 

The transistor is a large geometry device capable of oper- 
ating at over 50 mA. Figure 11 provides the base-emitter 
voltage characteristics and Figure 12 shows the current 
gain versus collector current for the device. See the 
Electrical Characteristics for other useful parameters. 


FIGURE 7 — DISTORTION versus MODULATION DEPTH 
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FIGURE 8 — FREQUENCY STABILITY 
versus TEMPERATURE 
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FIGURE 9 — FREQUENCY STABILITY 
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FIGURE 10 — INTERNAL SCHEMATIC 
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(AA) MOTOROLA — MC1377 


Advance Information | 


COLOR TELEVISION RGB to PAL/NTSC ENCODER 


...an integrated circuit used to generate a composite TV signal 
from baseband red, blue, green and sync inputs. The MC1377 has 
color subcarrier oscillator, voltage controlled 90° phase shifter, 
two DSB suppressed carrier chroma modulators, RGB input ma- 
trices and blanking level clamps. It can be operated with very few 
external parts, but has the pinouts for a fully implemented, top 
quality composite signal. It is ideal for encoding signals from color 
cameras and graphics generators. . 


COLOR TELEVISION 
RGB to PAL/NTSC ENCODER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


e Reference Oscillator Self-Contained Or Externally Driven 
@ Nominal 90° +5.0° Axes Are Optionally Trimmable 

@ Simple PAL/NTSC Switch 

e 


Luminance And Chroma Channels Can Accept Delay 
Line/ Bandpass Elements Or Direct Connection 


~ P SUFFIX 
PLASTIC PACKAGE 


Provides dc Reference To Permit Direct Drive To RF Modulator CASE 738-02 


FIGURE 1 — BLOCK DIAGRAM AND APPLICATION CIRCUIT 
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This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS 


ee 
[Supplyvotage—SSS~dCSC*éw SP 
[8.2 Vae Regulator Output Gurrent = ikeg | 10 
[Junetion Temperature «Taman P18 


Power Dissipation, package 1.25 
Derate above 25°C 10 


RECOMMENDED OPERATING CONDITIONS 


Sync Tip Level -0.5 to +1.0 
Sync, Blanking Level +1.7 to +8.2 
Red, Green, Blue Inputs (Saturated) 


ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, Ta = 25°C, Circuit Of Figure 1 Unless Otherwise Noted.) 


mAdc 


V 


dc 
ss 

Cc 

Cc 
WwW 


mW/°C 


Vdc 
dc 


V 
V 


Characteristic 


Supply Current 

Oscillator Amplitude 18 

External Subcarrier Input (Oscillator Components Removed) 17 
i 17 


= 
< 
mo) 


aa SS! w 
ron) oo) 


NO 


Capacitance 
3, 4, 6 


R, G, BInput: Resistance 3, 4,5 
Capacitance 


Chroma Output Level At 100% Saturation | 
13 


Chroma Input: Resistance 
Capacitance 


Composite Output, 


0.25 
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Sync 
Luminance 
Chroma 
Burst 


100% Saturation 
(See Figure 2d) 


Output Impedance (See Note 1) 


Luminance Bandwidth (3 dB), Less Delay Line 
Subcarrier Leakage In Output 


Note 1: Output Impedance can be reduced to less than 109 by using a 1500 output load from Pin 9'to ground. Power supply current will increase 
‘to about 60 mA. 
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(a) 


(b) 
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FIGURE 2 — SIGNAL VOLTAGES 
(CIRCUIT VALUES OF FIGURE 1) 
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APPLICATION NOTES 


R.G.B. Inputs should be set up to be 1.0 V p-p for 
fully saturated levels. This is not arbitrary, since sync 
and burst levels are internally fixed. The large (15 WF) 
input capacitors of Figure 1 are needed for the 50/60 Hz 
vertical component. 


Subcarrier Oscillator. The internal common-collector 
Colpitts can be free run or it can easily be pulled in by 
a lightly coupled signal from a “master” into Pin 17. 
Also, it can be disabled entirely and a 0.25 Vays signal 
driven into Pin 17. 


Modulator Phase Angles are quite accurately estab- 
lished internally. Taking (B—-Y) as 0°, burst is at 180°, and 
the angle of (R-Y) is 90° +5.0°. The (R-Y) angle can be 
“tweaked.” For example, 470 kQ from Pin 19 to ground 
will increase the (R—Y) to (B—Y) angle about 3.0°. Pulling 
Pin 19 up will decrease the angle. 


Composite Output is dc referenced and can be direct 
coupled to an RF modulator as shown in Figure 3. In 
this case, the 8.2 V regulator output of the MC1377 is 
divided down to 5.8 V to provide the zero carrier ref- 
erence to Pin 1 of the MC1374. 


Burst Generation is provided by a sync triggered 
ramp on Pin 1 and two internal level sensors. Since the 
early part of this ramp is used, it is quite accurate. Fixed 
R-C values are feasible, as shown in Figure 3. 


Sync Input can be varied over a wide latitude but 
neverless must be applied correctly. The typical ac cou- 
pled sync signal has very little positive value and will 
require a pull-up resistor to 8.2 Vdc at the input. The 
sync input is a 10 kQ/10 kOQ divider in the base of a 
common emitter stage. For PAL operation, the correctly 
serrated vertical sync interval must be used, in order to 
continuously trigger the PAL flip-flop. ‘“Block” vertical 
sync can be used for NTSC. 


(R-Y)(B—Y)(—Y) signals are generated to NTSC values 
(+5.0%) in the input matrices. They are dc clamped at 
black level by a sync driven clamp. Burst amplitude is 
internally fixed to correspond to sync level, allowing for 
3.0 dB loss in the chroma bandpass filter. If the filter is 
not used, as shown in Figure 3, a resistor divider should 
be inserted between Pin 13 and Pin 10 to provide the 
proper chroma level. When the chroma bandpass is not 
used, the (-Y) delay line should also be removed, but 
the 1.0 k/1.0 k divider from Pin 6 to Pin 8 should be 
retained. 
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FIGURE 3 — COUPLING THE MC1377 TO THE MC1374 RF MODULATOR 
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MC1391P ORDERING INFORMATION 


MC1394P Device Temperature Range _— Package 
| MC1391P 0°C to +75°C © Plastic DIP 
MC1394P 0°C to +75°C Plastic DIP 


TV HORIZONTAL PROCESSOR 
| TV HORIZONTAL 


PROCESSOR 


... low-level horizontal sections including phase detector, oscillator 
and pre-driver — a device designed for use in all types of television SILICON MONOLITHIC 


receivers. INTEGRATED CIRCUIT 


Internal Shunt Regulator 

Preset Hold Control Capability 

+300 Hz Typical Pull-In 

Linear Balanced Phase Detector 

Variable Output Duty Cycle for Driving Tube or Transistor 
Low Thermal Frequency Drift 

Small Static Phase Error 


Adjustable dc Loop Gain 


MC1391P — Positive Flyback Inputs 
PLASTIC PACKAGE 
@ MC1394P — Negative Flyback Inputs CASE 626-04 


Vnonreg | 
+30 V FIGURE 1 — TYPICAL APPLICATION CIRCUIT 


To 

High 

V oltage 
Tripler 


MC1391P 
fe Bh or ; 
MC1394P * 


5.0 uF 
“‘MPS-U04 
or Equiv 


: ; 
ME 1304? designed to accept: = tR> = 6.8 k per 100 V of flyback amplitude. 
reverse polarity sawtooth at -20 V Sync 


Pin 4 if sync pulse not derived feng ‘ : : 
f This circuit has an oscillator pull-in range of +300 Hz, a noise bandwidth 
rom MJ105 collector. 
of 320 Hz, and a damping factor of 0.8. 
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MC1391P, MC1394P 


MAXIMUM RATINGS (Ty, = +25°C unless otherwise noted.) 


aa ae 
[suppivowrere Sd 
| 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above Ta = +25°C 


. 5.0 


625 


ELECTRICAL CHARACTERISTICS (T, = +25°C unless otherwise noted.) (See Test Circuit of Figure 2, all switches in position 1.) 


Characteristic 


Regulated Voltage (Pin 6) 
Supply Current (Pin 6) 


Collector-Emitter Saturation Voltage (Output Transistor 
Q1 in Figure 6) 
(I¢ = 20 mA, Pin 1) Vde 


Voltage (Pin 4) 
Oscillator Pull-in Range (Adjust Ry in Figure 2) | 
Oscillator Hold-in Range (Adjust Ry in Figure 2) 


Static Phase Error 
(Af = 300 Hz) 


Free-running Frequency Supply Dependance 
(S1 in position 2) 


Phase Detector Leakage (Pin 5) 

(All switches in position 2) 
Sync Input Voltage (Pin 3) 
Sawtooth Input Voltage (Pin 4) 
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MC1391P, MC1394P 


TYPICAL CHARACTERISTICS 


| (Ta = +25°C unless otherwise noted.) 


FIGURE 2 — TEST CIRCUIT 


4 0.1 uF 


Pulse Generator 
| Sync Pulse 
| =-20V, 

5.0 us, fo = 


| P 
| Mere?s 15,750 Hz 


| or 
MC1394P * 


Pulse Generator 
Output = +50 V* 


12 us 


Vcc +30 V_ (See Figure 5) *Use -50 V for MC1394P 


FIGURE 3 — FREQUENCY versus TEMPERATURE 


REFERENCE FREQUENCY = 
15,750 Hz 


A, FREQUENCY (Hz) 


ie . AMBIENT TEMPERATURE (°C) 


FIGURE 4 — FREQUENCY DRIFT versus WARM-UP TIME FIGURE 5 — MARK-SPACE RATIO 


- 


a: ake 
: 7 eee 
: nZone 
a = 40 
: E Ee eee 
> o 
3 <= 3.75 
wu 3 
: 2 ne a ae 
= 2° 
= REFERENCE FREQUENCY = 3.95 
eye | Ce 
3.0 
_ eee Tati 
0 10 20 30 40 50 
TIME (s) | POSITIVE PULSE WIDTH (ps) 
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MC1391P, MC1394P 


FIGURE 6 — CIRCUIT SCHEMATIC 


Oscillator 


Pre-Driver Timing o Oscillator 


VCC. 
60 Regulator Phase Detector 


5 


O 
Phase 
Detector 
Output 


2 O03 
Sync !nput 


CIRCUIT OPERATION 


The MC1391P and MC1394P contain the oscillator, phase de- 
tector and predriver sections needed for a television horizontal 
APC loop. 

The oscillator is an RC type with one pin (Pin 7) used to con- 
trol the timing. The basic operation can be explained easily. If 
it is assumed that Q7 is initially off, then the capacitor connected 
from Pin 7 to ground will be charged by an external resistor (Rc) 
connected to Pin 6. As soon as the voltage at Pin 7 exceeds the 
potential set at the base of O8 by resistors R8 and R10, Q7 will 
turn on and QO6 will supply base current to Q5 and Q10. Transistor 
Q10 will set a new, lower potential at the base of Q8 determined 
by R8, RO and R10. Then, transistor Q5 will discharge the 
capacitor through R4 until the base bias of Q7 falls below that 
of Q8, at which time Q7 will turn off and the cycle repeats. 

The sawtooth generated at the base of 04 will appear across 
R3 and turn off Q3 whenever it exceeds the bias set on Pin 8. 
By adjusting the potential at Pin 8, the duty cycle (MSR) at the 
predriver output pin (Pin 7) can be changed to accommodate either 


tube or transistor horizontal output stages. 

The phase detector is isolated from the remainder of the circuit 
by R14 and Z2. The phase detector consists of the comparator 
Q15, Q16 and the gated current source Q17. Negative going sync 
pulses at Pin 3 turn off Q12 and the current division between 
Q15 and Q16 will be determined by the phase relationship of the 
syne and the sawtooth waveform at Pin 4, which is derived from 
the horizontal flyback pulse. If there is no phase difference be- 
tween the sync and sawtooth, equal currents will flow in the 
collectors of 015 and Q16 each for half the sync pulse period. 
The current in Q15 is turned around by 018 so that there is no 
net output current at Pin 5 for balanced conditions. When a phase 
offset occurs, current will flow either in or out of Pin 5. This 
pin is connected via an external low-pass filter to Pin 7, thus 
controlling the oscillator. , 

Shunt regulation for the circuit is obtained with a zero temp- 
erature coefficient from the series combination of D1, D2 and 21. 
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‘4 MC1394P 
re Only 
04 MC1391P 


MC1391P, MC1394P 


APPLICATION INFORMATION 


Although it is an integrated circuit, the MC1391P and MC1394P 
-have all the flexibility of a conventional discrete component 
horizontal APC loop. os . 

The internal temperature compensated voltage regulator allows 
a wide supply voltage variation to be tolerated, enabling operation 
from nonregulated power supplies. A minimum value for supply 
current into Pin 6 to maintain zener regulation is about 18 mA. 
Allowing 2mA for the external dividers 


Vnonreg(min) -8.8 


+ = 
na ae 20 x 10-3 

Components Ra, Rp and Ca are used for ripple rejection. If 
the supply voltage ripple is expected to be less than 100 mV (for 
a 30 Volt supply) then Ra and Rg can be combined and Ca 
omitted. 

The output pulse width can be varied from 6 us to 48 us by 
changing the voltage at Pin 8 (see Figure 5). However, care 
should be taken to keep the lead lengths to Pin 8 as short as possi- 
ble to prevent ringing which can result in erroneous output pulses 
at Pin 1. The parallel impedance of Rp and R¢ should be close 
to 1 k82 to ensure stable pulse widths. 


For 15 mA drive at saturation 


V -~ 0.3 
Rp = nonreg 
15 x 1073 
The oscillator free-running frequency is set by Rc and Cg 
connected to Pin 7. For values of Rc > Rdischarge (R4 in Figure 
6), a useful approximation for the free-running frequency is 


1 

{A Ss 
o 0.6RcCg 

Proper choice of Rc and Cg will give a wide range of oscillator 
frequencies — operation at 31.5 kHz for count-down circuits is 
possible for example. As long as the product RCCp ~ 1074 many 
combinations of values of Rc and Cg will satisfy the free-running 
frequency requirement of 15.734 kHz. However, the sensitivity 
of the oscillator (8) to control-current from the phase dec-ctor 


is directly dependent on the magnitude of R¢, and this provides a - 


convenient method of adjusting the dc loop gain (fc). 


For a given phase detector sensitivity (u) = 1.60 x 1074 Alrad 
fe = uB and B = 3.15 x Ro Hz/mA 


Increasing Rc will raise the dc loop gain and reduce the static 
phase error (S.P.E.) for a given frequency offset. Secondary effects 
are to increase the natural resonant frequency of the loop (wy) 
and give a wider pull-in range from an out-of-lock condition. The 
loop will also tend to be underdamped with fast pull-in times, 
producing good airplane flutter performance. However, as the 
loop becomes more underdamped impulse noise can cause shock 
excitation of the loop. Unlimited increase in the dc loop gain will 
also raise the noise bandwidth excessively causing horizontal jitter 
with thermal noise. Once the dc loop gain has been selected for 
adequate S.P.E. performance, the loop filter can be used to produce 
the balance between other desirable characteristics. Damping of 
the loop is achieved most directly by changing the resistor Rx 
with respect to Ry which modifies the ac/dc gain ratio (m) of 
the loop. Lowering this ratio will reduce the pull-in range and 
noise bandwidth (fnn). (Note: very large values of Ry will limit 
the contro! capability of the phase detector with a corresponding 
reduction in hold-in range). 

Static phasing can be adjusted simply by adding a small resistor 
between the flyback pulse integrating capacitor and ground. The 
sync coupling capacitor should not be too small or it can charge 
during the vertical pulse and this may result in picture bends at 
the top of the CRT. 


NOTE: 


In adjusting the loop parameters, the following equations may 
prove useful: : 


1+X2 Tw 
4XxT Ry 
Wr = )T 
(1+X T=Ry Cc 
_X2 Tw where 
. Of - K = loop damping coefficient 
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MC3320P 
MC3321P 


(AA) MOTOROLA 


CLASS B AUDIO DRIVERS 
CLASS B AUDIO DRIVERS | 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. designed as preamplifiers and driver circuits for complementary 
output transistors. 


Driver for Auto Radios — and up to 10-Watt Amplifiers 
High Gain — 7.0 mV for 1.0 Watt, Ry = 3.2 Ohms 

High Input Impedance — 500-Kilohm Capability 
Output Biasing Diodes Included 

No Special hF —E Matching of Outputs Required 
Formerly MFC8020A and MFC8021A in 


Case 644A Package Si ASG PACKAGE 


CASE 626-04 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Rating | Svmbot_|_Mcaa20p | MOS327P 
[Power Supply Voriawe ‘| ~—Vec | | 2 
[Peak Output Current instandt) | | _60 
[Operating Ambient Temperature Range] Ta | -l0wow75__| 
[iunetion Temperature | ty TO 


FIGURE 1 — CIRCUIT SCHEMATIC 
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MC3320P, MC3321P 


ELECTRICAL CHARACTERISTICS (tT, = +25°C unless otherwise noted) (See Figure 2) 
Characteristic 
Drain Current (ejn = 0) . 
(Vcc = 30 Vdc) MC3320P 
(Vcc = 14 Vdc) MC3321P 
Sensitivity (Po = 1.0 Watt, f = 1.0 kHz) 
(@9 = 8.95 V(RMS), Ry = 165 &) MC3320P 
(eg = 3.2 V(RMS), Ru = 65 2) MC3321P 
Total Harmonic Distortion (f = 1.0 kHz) 
(Vcc = 30 V, €g = 8.95 V(RMS), Ry. = 165 2) MC3320P 
(Voc = 14 V, eg = 3.2 VIRMS), Ru = 65 &) MC3321P 
Open-Loop Gain 


(Voc = 30 V, Ry = 165 2) MC3320P 
(Vcc =14V,R, =65 2) MC3321P 
Ripple Rejection 
(f = 60 Hz, Ay = 100, ej, = 0, Power Supply 
Ripple = 1.0 V(RMS) 


Equivalent Input Noise 
(ein = 0, Rg = 1.0 kQ, BW = 100 Hz — 10 Hz) 

Quiescent Output Voltage (ej, = 0) 
(Voc = 30 V) MC3320P 
(Vcc = 14 V) MC3321P 


FIGURE 2 — TEST CIRCUIT 


270 k 3.0k a MF 
10 MF 1N4002 
4 orequiv = 

-— 100 LF 
MC3320P 
ein f 270 k MC3321P 

i 1N4002 Ro {+o 
nas or equiv 
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MC3320P, MC3321P 


TYPICAL AUTO RADIO AUDIO APPLICATIONS and CHARACTERISTICS 


(Ta = +25° unless otherwise noted.) 


FIGURE 3 — APPLICATION CIRCUIT FOR MC3321P* 


14 V 


Q1 
MJE521 
or equiv 


FIGURE 5 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 


TOTAL HARMONIC DISTORTION(%) 


1.0 
| ee rai ay 
LEM oF PTH oY EE 
50 100 200 500 10k 20k 50k 10k 20k 


FREQUENCY (Hz) 


FIGURE 4—TOTAL HARMONIC DISTORTION 
versus OUTPUT POWER 


TOTAL HARMONIC DISTORTION (%) 


3.0 
OUTPUT POWER (WATTS) 


FIGURE 6 — FREQUENCY RESPONSE 
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.0 Watts at 1.0 kHz 


OUTPUT POWER (dB) 


5.0 k 


10k 20k 10k 20k 


FREQUENCY (Hz) 


100 =§=©200 500 50 k 


APPLICATIONS INFORMATION for MC3321P 
(AUTO RADIO AUDIO) 


The MC3321P combines ali the voltage gain required for an 
automotive radio audio amplifier into one package reducing the 
circuit-board area requirement. The circuit shown in Figure 3 
has an input sensitivity of approximately 7.2 millivolts for a one- 
watt output. Sensitivity can be adjusted by changing the value of 
R4. The circuit performance is a function of the output device 
hfe, as shown in Figure 4. Figure 4 can be used to determine the 
minimum hee of the output transistors. The bandwidth of the 
amplifier is determined by the capacitor, Cy. If C1 is increased to 
390 pF the high frequency 3.0 dB point is typically 20 kHz. 


* Differences may be found in idle current when matching this 
device to various output transistor types. It is suggested that a 
10k potentiometer be placed between Pins 1 and 4 in series 
with a 100 Ohm resistor. This will allow for a reduction in quiescent 
current. Care should be taken not to allow the idle current to fall 
below 1 mA to avoid crossover distortion. 
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MC3320P, MC3321P 


TYPICAL 10- WATT AMPLIFIER APPLICATION AND CHARACTERISTICS 
. (T 4 = +25°C unless otherwise noted.). — -: 


FIGURE 7 — APPLICATION CIRCUIT* . 


FIGURE 8 — TOTAL HARMONIC DISTORTION 
versus OUTPUT POWER 
10 
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OUTPUT POWER (WATTS) 


8.0 


10-Watt Amplifier 
Rg = 4.7 k2 
Re = 0.33 2 
Vec = 30 V 


TOTAL HARMONIC DISTORTION (%) 


* 10 aia Amplifier 
= — MJE521 or equiv 
a — MJE371 or equiv 


(Select C1 to provide desired bandwidth. 
C1 = 47 pF minimum) 


FIGURE 9 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY FIGURE 10 — FREQUENCY RESPONSE 
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APPLICATIONS INFORMATION for MC3320P 
(10 Watt Amplifiers) 


The MC3320P is a high-voltage device capable of driving 
10 Watt audio amplifiers. The gain of the circuit shown in Figure 7. 
changes when the value of R4 is varied and the bandwidth is 
determined by C1. Emitter resistors are required at the higher 


voltages used for 10 Watt audio amplifiers to provide thermal Pp = Maximum power dissipation of transistors 
stability. The value of Re is a function of the heatsink thermal (This occurs at about 60% of maximum eae ye 
resistance and supply voltage. The heatsink requirements for oper- 6.0 W for 10 W, 7.2 W for 12 W 

ation at +65°C (with both devices mounted on the same heat- Ta = Maximum ambient temperature 


sink) is about 14°C/W for the 10-Watt amplifier. If the maximum 
ambient operating temperature is reduced then the heatsink can 
be reduced in size as calculated by 


Ty - (05S) Py - Tp 
sa = > 


Pp * Differences may be found in idle current when matching this 

where device to various output transistor types. It is suggested that a 
10k potentiometer be placed between Pins 1 and 4 in series 

OSA = Heatsink thermal resistance with a 100 Ohm resistor. This will allow for a reduction in quiescent 

Ty = Maximum junction operating temperature current. Care should be taken not to allow the idle current to fall 


: . ; below 1 mA to avoid crossover distortion. 
6JS = Junction to heatsink thermal resistance 


(includes ali surface interface components for thermal 
resistance such as the insulating washer) 
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(AA) MOTOROLA 


Advance Information 


_ AUTOMOTIVE - 
VOLTAGE REGULATOR 


SILICON MONOLITHIC — 
INTEGRATED CIRCUIT 


AUTOMOTIVE VOLTAGE REGULATOR 


. . . designed for use in conjunction with an NPN Darlington transis- 
tor in a floating field alternator charging system. 


@ Overvoltage Protection 

@ Shut-Down on Loss of Battery Sense 

@ Selectable Temperature Coefficient 

e ‘Available in Chip Form for Hybrid Assembly . | > SUFFIX 


PLASTIC PACKAGE 
CASE 646-05 


PIN CONNECTIONS 


CIRCUIT SCHEMATIC 


Output Drive 
Adjust 


Over Voltage 
Sense “ 


Battery Sense 
Loss Detect 


Battery Sense 
Battery Sense 


Battery Sense 


ORDERING INFORMATION 


| Device | Temperature Range | Package _| 
MC3325P ~40 to +85°C Plastic DIP 


This document contains information on a new product. Specifications and information herein! are subject to change without notice. 
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MC3325 


‘MAXIMUM RATINGS 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified.) 


Characteristic 


Battery Sense Loss Detect: Threshold Voltage at Pin 4 
(Iq < 400 wA, Figure 2) 

Overvoitage Sense: Threshold Current Into Pin 3 
(Figure 2) 


Output Drive Adjust: Voltage Drop from Pin 2 to Pin 10 
(Ig = 10 mA, Figure 3) 

Low State Output Voltage at Pin 10 
(lg = 12 mA, lg = 120 mA, Figure 4) 
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MC3325 


TEST CIRCUITS 


FIGURE 1 FIGURE 2 


+14 V 


FIGURE 3 FIGURE 4 
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MC3325 


R1 


R5 


R4 


R3 


a 


FIGURE 5 — APPLICATION CIRCUIT 


To To 
Diode Trio 


Battery 


R5 _ R4 


Power Darlington 


D1 
1N4003 


To 
Alternator 
Field 


Ground 


*Note: The temperature coefficient of the battery voltage sense terminal is determined by the number of diodes used in 
the diode string (i.e., whether Pin 5, 6, or 7 is used). The approximate temperature coefficient for a diode at 1.0 mA is 
~2.0 mV/°C, and for a zener diode it is +3.0 mvV/°C. Counting from ground (see circuit schematic) we have -2.0 mV for 
Q5, -2.0 mV for Q4, +3.0 mV for Z1, -8.0 mV for D5 thru D8, and an additional -2.0 mV each for D9 and D10 if used. 
The total temperature coefficient can be varied from approximately -9.0 mv/°C to -13 mV/°C depending on the number 


of the diodes in the diode string that are utilized. 


APPLICATIONS CIRCUIT INFORMATION 
(See Figure 5) 


Determines the temperature coefficient by setting 
the value of current in the diode string. As the 
value of R1 decreases, so does the effective TC. 
R1 should be chosen so that the current in the 
diode string is between 0.5 mA and 1.0 mA. 


This resistor determines the Vreg voltage as de- 
fined by the following equation: 

R5 RS 

n = number of diodes used in diode string 
(4<n<6) 
Used as a current limiting resistor on Pin 4 in case 
of an open battery voltage sense lead. 


Used as a current limiting resistor on Pin 3 in case 
of overvoltage at the diode trio. Voltage at Pin 3 
will run approximately 7.5 volts. R3 should be cho- 
sen so that the current (Ig) at maximum over- 


~ R2 


R6 


R7 


C1, 
C2 


voltage is between 2.0 mA and 6.0 mA. 


This resistor determines the output drive current. 
Refer to specifications for the darlington driver 
and select the value for R2 that will provide 
enough drive to the output when the diode trio 
voltage is at a minimum. 
~ Vmin — 2:8 V 
~ R2+ 500 | 
This resistor in conjunction with R3 is used to set 
the threshold of overvoltage action. 
R3 + R6_ 
Used for compensation 

(Approximately 3.0 kQ) 


Used for compensation 
(Approximately 0.01 F) 


|Drive 


Threshold = 
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MC3334P 


(AA) MOTOROLA MCC3334 
MCCF3334 


Advance Information HIGH ENERGY 


IGNITION CIRCUIT 


SILICON MONOLITHIC 


HIGH ENERGY IGNITION CIRCUIT INTEGRATED CIRCUIT 


... designed to use the signal from a reluctor type ignition pickup to 
produce a well controlled output from a power Darlington output 


transistor. P SUFFIX 


PLASTIC PACKAGE 
CASE 626-04 


Very Low Peripheral Component Count 
No Critical System Resistors | 


Wide Supply Voltage Operating Range (4.0-24 V 
Overvoltage Shutdown (30 V) 


Dwell Automatically Adjusts To Produce Optimum Stored 
Energy Without Waste 


Externally Adjustable Peak Current 


ORDERING INFORMATION 


Temperature 
Range Package 
MC3334P —40 to +125 | Plastic DIP 


MCC3334__| —40 to +125 
MCCF3334_| —40to +125 | Flip-Chip 


@ Available in Chip and Flip Chip Form 


@ Transient Protected Inputs and Outputs 


FIGURE 1 — BLOCK DIAGRAM AND TYPICAL APPLICATION 


Ignition 
Coil 
Primary 


Reluctor 
Pickup 
1.35H 


aR eee 


Reference 
Buffer 


*Optional Parts for Ground 
Extended Transient 
Protection 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MC3334P, MCC3334, MCCF3334 


MAXIMUM RATINGS F 


Power Supply Voltage - Steady State VBATT . 24 
Transient 300 ms or less 90 
Output Sink Current - Steady State : lout 300 
Transient 300 ms or less 1.0 
Junction Temperature. | Ty(max) °C 


Operating Temperature Range 


Storage Temperature Range 


Power Dissipation, Package 
Derate above 25°C 


Characteristic Symbol Min . Typ Max 


Internal Supply Voltage, Pin 6 Vde 
VBATT = 4.0 Vde 35 _ 
8.0 Vdc 7.2 — 
12.0 10.4 — 
14.0 11.8 —_ 
Ignition Coil Current Peak, Cranking RPM 2.0 - 27 Hz A pk 
VBATT = 4.0 Vdc 3.4 — 
6.0 52. — 
8.0 5.3 — 
10.0 5.4 —_ 
Ignition Coil Current Peak, Normal RPM 
Freq. = 33 Hz 5.5 — 
133 Hz 5.5 _ 
200 Hz 5.4 oo 
267 Hz 44 os 
333 Hz 3.4 — 
Ignition Cotl On-Time, Normal RPM Range 
Freq. = 33 Hz 25 14.0 
133 Hz 5.0 5.9 
200 Hz 4.0 4.6 
267 Hz 3.0 3.6 
333 Hz 23 2.8 
Shutdown Voltage 30 35 
input Threshold (Static Test) 
Turn-on 360 — 
Turn-off 90 — 
Input Threshold Hysteresis = = 
Input Threshold (Active Operation) 

Turn-on 1.8 _ 
Turn-off 1.5 — 
Tota! Circuit Lag from tg, (Figure 1) until Ignition Coil Current 60 120 

Falls to 10% 
ignition Coil Current Fall Time (90%-10%) — 4.0 —_ 
Saturation Voltage I.C. Output (Pin 7) (RDRIVE = 100 2) VCE(sat) 
VBATT = 10 Vdc ad 120 a 
30 Vdc — 280 — 
50 Vdc — 540 — 
Current Limit Reference, Pin 8 Vref 120 160 190 
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MC3334P, MCC3334, MCCF3334 


The MC3334 high energy ignition circuit was designed 
to serve aftermarket Delco five terminal ignition appli- 
cations. This device, driving a high voltage Darlington 
transistor, offers an ignition system which optimizes 
spark energy at minimum power dissipation. The IC is 
pinned out to permit thick film or printed circuit module 
design without any crossovers. 


CIRCUIT DESCRIPTION 

The basic function of an ignition circuit is to permit 
build-up of current in the primary of a spark coil, and then 
to interrupt the flow at the proper firing time. The result- 
ing flyback action in the ignition coil induces the required 
high secondary voltage needed for the spark. In the sim- 
plest systems, fixed dwell angle produces a fixed duty 
cycle, which can result in too little stored energy at high 
RPM, and/or wasted power at low RPM. The MC3334 
uses a variable dc voltage reference, stored on COWELL. 
and buffered to the bottom end of the reluctor pickup ($1) 
to vary the duty cycle at the spark coil. At high RPM, the 
MC3334 holds the output ‘‘off’’ for approximately 1.0 ms 
to permit full energy discharge from the previous spark; 
then it switches the output Darlington transistor into full 
Saturation. The current ramps up at a slope dictated by 
VBATT and the coil L. At very high RPM the peak current 
may be less than desired, but it is limited by the coil itself. 

As the RPM decreases, the ignition coil current builds 
up and would be limited only by series resistance losses. 
The MC3334 provides adjustable peak current regulation 
sensed by Rs and set by Rp, in this case at 5.5 A, as 
shown in Figure 2. As the RPM decreases further, the coil 
current.is held at 5.5 A for a short period. This provides 
a reserve for sudden acceleration, when discharge may 
suddenly occur earlier than expected. The peak hold 
period is about 20% at medium RPM, decreasing to about 
10% at very low RPM. (Note: 333 Hz = 5000 RPM for an 
eight cylinder four stroke engine.) At lower VBATT, the 
“on” period automatically stretches to accommodate the 
slower current build-up. At very low VgaTT and low RPM, 
a common condition during cold starting, the ‘‘on’’ period 
is nearly the full cycle to permit as much coil current as 
possible. 


The output stage of the IC is designed with an OVP cir- 
cuit which turns it on at VBATT ~ 30 V (VCC = 22 V), hold- 
ing the output Darlington off. This protects the IC and the 
Darlington from damage due to load dump or other causes 
of excessive VBATT. 


COMPONENT VALUES 

PICKUP — series resistance = 800 2 + 10% @ 25°C 
inductance = 1.35 H @1.0kHz @ 15 Vrms. 

COIL — leakage L= 0.6 mH 


primary R= 0.43 1. + 5% @ 25°C 
primary L= 7.5to8.5mH@5.0A 

Ri — load resistor for pick-up = 10 kQ + 20% 

Ra, Rp — input buffer resistors, provide additional 
transient protection to the already clamped 
inputs = 20k + 20% 

CA. G2 — for reduction of high frequency noise and 
spark transients induced in pick-up and 
leads; optional and non-critical! 

RBATT — provides load dump protection (but small 
enough to allow operation at VgaTT = 
4.0 V)= 3001 + 20% 


CFILTER — transient filter on Vcc, non-critical 

CDWELL — Stores reference, circuit designed for 0.1 
uF + 20% 

RGAIN — RGAIN/Rp1 sets the de gain of the cur- 
rent regulator = 5.0k+20% 

Rp2 — Rp2/Rp1 set up voltage feedback from Rs 

Rs — sense resistor (PdAg in thick film tech- 
niques) = 0.055 1. + 50% 

RDRIVE — low enough to supply drive to the Output 


Darlington, high enough to keep VCE(sat) 
of the IC below Darlington turn-on during 
load dump = 100 0 + 20%, 5.0 W 

Rp — starting with 35 Q assures less than5.5A, 
increasing as required to set5.5A 


lo(pk) RS-Vref 
Bove: oe 6 neat 


weet 8 
Rp2 RGAIN 


FIGURE 2 — IGNITION COIL CURRENT versus FREQUENCY/PERIOD 


VBATT = 13:2 Vde 


VBATT - 1.5 V 
8.0 mH 
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50 33 Freq (Hz) 


20 25 30 ms 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-97 


MC3334P, MCC3334, MCCF3334 


FIGURE 3 — INTERNAL SCHEMATIC 
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GENERAL LAYOUT NOTES 

The major concern in the substrate design should 
be to reduce ground resistance problems. The first area 
of concern is the metallization resistance in the power 
ground to module ground and the output to the RDRIVE 
resistor. This resistance directly adds to the VCE(sat) of 
the IC power device and if not minimized could cause fail- 
ure in load dump. The second concern is to reference the 
sense ground as close to the ground end of the sense 
resistor as possible in order to further remove the sensi- 
tivity of ignition coil current to ground I.R. drops. 


Dwell 
Reference 
= 4. Buffer 
Le et By SN ect Bae ee ems ean ee Ree a = 
All versions were designed to provide the same pin- 
FIGURE 4 — MCCF3334 IGNITION CIRCUIT BUMP SIDE VIEW out order viewed from the top (component side) of the 
board or substrate. This was done to eliminate con- 
. ductor cross-overs. The standard MC3334 plastic device 
un 7 is numbered in the industry convention, counter-clock- 
u 


wise viewed from the top. The MCC3334 chip version 
is made from the same die artwork, so it is also counter- 
clockwise viewed from the top, or bonding pad side. 
The MCCF3334 “flip” or “bump” chip is made from 
reversed artwork, so it is numbered clockwise viewed 
from its bump side. Since this chip is mounted face 
down, the resulting assembly sti\ishas the same counter- 


(8) Bumps 7 +1 Mil Dia. 
raised minimum 0.5 Mils 


above pessivated chip 
surface | | clockwise order viewed from above the component sur- 


face. All chips have the same size and bonding pad 
spacing. See Figure 4 for dimensions. 


80 + 2 Mils 
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ORDERING INFORMATION 


Device 
MC3340P 


Temperature Range 
0°C to. +75°C 


Package | 
Plastic DIP 


ELECTRONIC ATTENUATOR 


Designed for use in: 


DC Operated Volume Control 


Compression and Expansion Amplifier 
Applications 


Controlled by DC Voltage or External Variable Resistor 
Economical 8-Pin Dual In-Line Package 


Formerly MFC6040 in Case 643A Package 


MAXIMUM RATINGS (Ta, = +25°C uniess otherwise noted.) 


Power Dissipation @ Tp = 25°C 
Derate above Tp = 25°C 


Operating Ambient Temperature Range 


MC3340P 


ELECTRONIC ATTENUATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 
CASE 626-04 


FIGURE 1 — TYPICAL DC “REMOTE” VOLUME CONTROL 


Remotely 
Located 
Potentiometer 


£9 


> 50k 
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2 MC3340P 


ELECTRICAL CHARACTERISTICS (ein = 100 mV (RMS), f = 1.0 kHz, Voc = 16 Vdc, Ta = +25°C unless otherwise noted.) 


ee oe 


eles 


Attenuation Range 
(V2 = 6.5 Vdc) 


Control Terminal Sink Current, Pin 2 
(Cin = 0) 


Maximum Input Voltage 


Total Harmonic Distortion (Pin 2 Gnd) 
(ej, = 100 mV (RMS), €g = Ay X @ jn) 


FIGURE 2 — CIRCUIT SCHEMATIC 
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TYPICAL ELECTRICAL CHARACTERISTICS 
(Vcc = 16 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 3 — ATTENUATION FIGURE 4 — ATTENUATION 
versus DC CONTROL VOLTAGE versus CONTROL RESISTOR 
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FIGURE 5 — FREQUENCY RESPONSE FIGURE 6 — OUTPUT VOLTAGE SWING 
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FIGURE 7 — TOTAL HARMONIC DISTORTION 


0 dB Reference = 13 dB Gain 
f = 1.0 kHz 
@9 = 2.5 V(RMS) 


TOTAL HARMONIC DISTORTION (%) 


ATTENUATION (dB) 
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MC3346 ORDERING INFORMATION 
MC3386 | MC3346P _ —40°C to +85°C _—=~Pilastic DIP 
MC3386P —40°C to +85°C Plastic DIP 


ONE DIFFERENTIALLY-CONNECTED | GENERAL PURPOSE 
PAIR AND THREE | TRANSISTOR ARRAY 
ISOLATED TRANSISTOR ARRAY 
SILICON MONOLITHIC. 
INTEGRATED CIRCUIT 


The MC3346 and MC3386 are designed for general-purpose, 
low power applications for consumer and industrial designs. 
@ Guaranteed Base-Emitter Voltage Matching 
@ Operating Current Range Specified — 10 uA to 10mA 
@ Five General-Purpose Transistors in One Package 


MAXIMUM RATINGS 


P SUFFIX 
PLASTIC PACKAGE 


Collector Current — Continuous CASE 646-05 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 
Derate Each Transistor @ 25°C 


Operating Temperature Range 


Pin 13 is connected to substrate 
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MC3346, MC3386 


ELECTRICAL CHARACTERISTICS 


MC3346P MC3386P 


STATIC CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO 20 
(I¢ = 10 wAdc) 
Collector-Emitter Breakdown Voltage 15 
(I¢ = 1.0 mAdc) 
Collector-Substrate Breakdown Voltage V(BR)CIO 20 
(I¢ = 10 uA) 
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 7.0 
Collector-Base Cutoff Current IcBo 
(Vcp = 10 Vde, !¢ = 0) 
DC Current Gain hee 
(Ic = 10 mAdc, VcE = 3.0 Vdc) — 
(Ic = 1.0 mAdc, VcgE = 3.0 Vdc) 40 
(1c = 10 wAdc, Vcg = 3.0 Vdc) - 
Base-Emitter, Voltage VBE 
(VcE = 3.0 Vde, Ie = 1.0 mAdc) 
(VcE = 3.0 Vdc, Ie = 10 mAdc) 
Input Offset Current for Matched Pair Q1 and Q2 hiot- 
(VcE = 3.0 Vdc, I¢ = 1.0 mAdc) oa! 
Magnitude of Input Offset Voltage 
Temperature Coefficient of Base-Emitter Voltage AVBE 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) AT 
ee ee 
AT 
Collector-Emitter Cutoff Current ICEO 
DYNAMIC CHARACTERISTICS 
Low Frequency Noise Figure NF 
(VcE = 3.0 Vde, Ic = 100 wAdc, Rg = 1.0kQ, 
f = 1.0 kHz) 
Forward Current Transfer Ratio hFE 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc, f = 1.0 kHz) 


Open-Circuit Output Impedance 
(VcE = 3.0 Vdc, I¢ = 1.0 mAdc) 


Reverse Voltage Transfer Ratio Hre 
(VcE = 3.0 Vde, Ic = 1.0 mAdc) 

Forward Transfer Admittance Vfe 
(VcE = 3.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) 

Input Admittance Vie 0.3+j0.04 
(VcE = 3.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) 


Short-Circuit Input Impedance - hie 3.5 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Output Admittance Yoe 
(VcE = 3.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) 


Current-Gain — Bandwidth Product fT 300 550 
(VcE = 3.0 Vdc, Ic = 3.0 mAdc) 


Emitter-Base Capacitance Ceb 
(Veg = 3.0 Vdc, le = 0) 

Collector-Base Capacitance Cob 
(Vcp = 3.0 Vdc, Ic = 0) 


Collector-Substrate Capacitance Cc) 


(Vcs = 3.0 Vdc, 0) 


Ic 
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MC3346, MC3386 


TYPICAL CHARACTERISTICS 


FIGURE 1 — COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE | (Each Transistor) 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — INPUT OFFSET CHARACTERISTICS FOR 
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CURRENT 


VBE, BASE-EMITTER VOLTAGE (VOLTS) 


ICBO, COLLECTOR CUTOFF CURRENT (nAdc) 


FIGURE 2 — COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 


TA, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — BASE-EMITTER AND INPUT OFFSET 
VOLTAGE CHARACTERISTICS 
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FIGURE 5 — DC CURRENT GAIN 
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(AA) MOTOROLA MC3350 


Advance Information 


GENERAL PURPOSE 
TRANSISTOR ARRAY 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


er 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


TRIPLE INDEPENDENT DIFFERENTIAL AMPLIFIER 


The MC3350 consists of three independent differential ampli- 
fiers on a common monolithic substrate. The construction tech- 
nique provides close electrical and thermal matching of the am- 
plifiers which makes this device particularly useful in multiple 
channel applications. 


e Three Differential Amplifiers on a Common Substrate 
@ Independently Accessible Inputs and Outputs 

e Useful from dc to 120 MHz 

@ Economical Configuration 


MAXIMUM RATINGS 


CS Rating —SCSC~iSSCSCSC~idtCSCS 
ColectorBase Voltage ——~=~S*d;CMcpo | 
Colestor Substrate Votes ——~S* Vu | 
[Colector Current — Continuous =| tc | so 
[dungtion Temperature Sty Yt 
Operating TemperaturoRange «dt ta | aw ves | ed 


ORDERING INFORMATION 


Temperature 
Device Range Package 


MC3350P 0 to 70°C Plastic DIP 


PIN CONNECTIONS 


Pin 9 is connected to substrate. 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MC3350 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted) 


Symbol [ Min [typ [Moe [ Unt 


' STATIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 


Input Offset Voltage Vio mVdc 
VcE = 2.0 Vde; Ic = 1.0 mAdc 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


Emitter Cutoff Current 
Vep = 5.0 Vde; Ic = 0 

DC Current Gain (VcE = 2.0 Vdc) 
Ic = 100 wAdc 
Ic = 10 mAdc 


FIGURE 1 — DC CURRENT GAIN AND RATIO 
versus COLLECTOR CURRENT 
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(AA) MOTOROLA MC3356 


Advance Information 


WIDEBAND 
FSK 
‘RECEIVER 


WIDEBAND FSK RECEIVER 


SILICON MONOLITHIC . 
INTEGRATED CIRCUIT 


1 
P SUFFIX 


PLASTIC PACKAGE 
CASE 738-02 


... includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature 
Detector, Audio Buffer, Squelch, Meter Drive, Squelch Status out- 
put, and Data Shaper comparator. The MC3356 is designed for 
use in digital data communications equipment. 


e Data Rates up to 500 kilobaud 


e Excellent Sensitivity: —3 dB Limiting Sensitivity 
30 pVrms @ 100 MHz 


@ Highly versatile, full-function device, yet few external parts are 
required 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM FIGURE 2 — PIN CONNECTIONS 


RF Ground RF Input 


OSC Emitter 


OSC Collector Data Output 
Output 

+ Comparator 
Mixer Output — Comparator 


Filter Squelch 15 | Squelch Status 


Limiter Input Squelch Control 


Limiter Bias | 8| Buffered Output 


Squelch 
Adjust Limiter Bias Bi Demodulator 
(Meter) Filter 


11] Quad Input 


O) 
Vcc eae =i 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MC3356 


MAXIMUM RATINGS 


Symbol 
Vecimaxy | 15 


Operating Power Supply Voltage Range (Pins 6, 10) 3.0 to 9.0 


| Unit 
[voc s0t090 | veo | 
Operating R.F. Supply Voltage Range (Pin 4) 


Rating 


Power Supply Voltage 


Operating Ambient Temperature Range —40 to +75 
Storage Temperature Range —65 to +150 
a ee 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 100 MHz, fogc = 110.7 MHz, Af = +75 kHz, frog = 1.0 kHz, 50 2 
source, Ta = 25°C, test circuit of Figure 3, unless otherwise noted.) 


Power Dissipation, Package Rating 


Characteristics 


Drain Current Total, RF Vcc and Vcc 


| 


Mixer Voltage Gain, Pin 20 to Pin 5 


Input for —3 dB limiting 


” 
+ 
Zz 


Zz 


Input for 50 dB quieting ( 


Mixer Input Resistance, 100 MHz 
Mixer Input Capacitance, 100 MHz 


Mixer/Oscillator Frequency Range (Note 1) 


{F/Quadrature Detector Frequency Range (Note 1) 
AM Rejection (30% AM, RF Vin = 1.0 mVrms) 
Demodulator Output, Pin 13 


Meter Drive 
Squelch Threshold 


Note 1: Not taken in Test Circuit of Figure 3; new component values required. 


FIGURE 3 — TEST CIRCUIT 


Squelch Demod 
Status Out 
Data Output O 


100 MHz 
RF input 


RF Input Ground - 


Data Comp(+) Comp(—) Squelch Squelch Demod Demod Quad 
Output Status Control Out Filter Input 


L1— 110.7 MHz, 0.4 wH 
7T #22, %e Form 
w/slug & can 

L2— 10.7 MHz, 1.5 wH 
20T #30, %16 Form 
w/slug & can 


RF OSC OSC 
Gnd EM. COL 


Limiter Limiter Limiter Quad 
Input Bias Bias Bias 


Ti — muRata 
SFE10.7 MA5-Z = 5.6 pF 
or KYOCERA 15 pF 


KBF10.7MN-MA 
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FIGURE 4 — OUTPUT COMPONENTS OF SIGNAL, NOISE, 


AND DISTORTION 


fo = 100 MHz 
fm = 1.0 kHz 
Af = + 75 kHz 


RELATIVE OUTPUT (dB) 


INPUT (mVrms) 


General Description 


This device is intended for single and double con- 
version VHF receiver systems, primarily for FSK data 
transmission up to 500 K baud (250 kHz). It contains an 
oscillator, mixer, limiting IF, quadrature detector, signal 
strength meter drive, and data shaping amplifier. 

The oscillator is a common base Colpitts type which 
can be crystal controlled, as shown in Figure 1, or L-C 
controlled as shown in the other figures. At higher Vcc, 
it has been operated as high as 200 MHz. A mixer/ 
oscillator voltage gain of 2 up to approximately 150 
MHz, is readily achievable. 

The mixer functions well from an input signal of 10 
uVrms, below which the squelch is unpredictable, up 
to about 10 mVrms, before any evidence of overload. 
Operation up to 1.0 Vrms input is permitted, but non- 
linearity of the meter output is incurred, and some os- 
cillator pulling is suspected. The AM rejection above 10 
mVrms is degraded. 

The limiting IF is a high frequency type, capable of 
being operated up to 50 MHz. It is expected to be used 
at 10.7 MHz in most cases, due to the availability of 
standard ceramic resonators. The quadrature detector 
is internally coupled to the IF, and a 5.0 pF quadrature 
capacitor is internally provided. The — 3dB limiting sen- 
sitivity of the IF itself is approximately 50 wV (at Pin 7), 
and the IF can accept signals up to 1.0 Vrms without 
distortion or change of detector quiescent dc level. 

The IF is unusual in that each of the last 5 stages of 
the 6 state limiter contains a signal strength sensitive, 
current sinking device. These are parallel connected and 
buffered to produce a signal strength meter drive which 
is fairly linear for IF input signals of 10 nV to 100 mVrms. 
(See Figure 5.) 

A simple squelch arrangement is provided whereby 
the meter current flowing through the meter load re- 
sistance flips a comparator at about 0.8 Vdc above 
ground. The signal strength at which this occurs can be 


FIGURE 5 — METER CURRENT versus SIGNAL INPUT 
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adjusted by changing the meter load resistor. The com- 
parator(+) input and output are available to permit con- 
trol of hysteresis. Good positive action can be obtained 
for IF input signals of above 30 wVrms. The 130 kQ 
resistor shown in the test circuit provides a small 
amount of hysteresis. Its connection between the 3.3 k 
resistor to ground and the 3.0 k pot, permits adjustment 
of squelch level without changing the amount of 
hysteresis. 

The squelch is internally connected to both the quad- 
rature detector and the data shaper. The quadrature 
detector output, when squelched, goes to a dc level 
approximately equal to the zero signal level, un- 
squelched. The squelch causes the data shaper to pro- 
duce a high (Vcc) output. 

The data shaper is a complete ‘‘floating’’ comparator, 
with back to back diodes across its inputs. The output 
of the quadrature detector can be fed directly to either 
input of this amplifier to produce an output that is either 
at Vcc or Veg, depending upon the received frequency. 
The impedance of the biasing can be varied to produce 
an amplifier which “follows” frequency detuning to 
some degree, to prevent data pulse width changes. 

When the data shaper is driven directly from the de- 
modulator output, Pin 13, there may be distortion at Pin 
13 due to the diodes, but this is not important in the 
data application. A useful note in relating high/low input 
frequency to logic state: low IF frequency corresponds 
to low demodulator output. If the oscillator is above the 
incoming RF frequency, then high RF frequency will 
produce a logic low. (Input to (+)input of Data Shaper 
as shown in figures 1 and 3.) 
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FIGURE 6 — APPLICATION WITH FIXED BIAS ON DATA SHAPER 
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Application Notes 


The MC3356 is a high frequency/high gain receiver 
that requires following certain layout techniques in de- 
signing a stable circuit configuration. The objective is 
to minimize or eliminate, if possible, any unwanted 
feedback. 


Shielding, which includes the placement of input and 
output components, is important in minimizing electro- 
static or electromagnetic coupling. The MC3356 has its 
pin connections such that the circuit designer can place 
the critical input and output circuits on opposite ends 
of the chip. Shielding is normally required for inductors 
in tuned circuits. 


The MC3356 has separate Vcc’'s and grounds for the 
RF and IF sections which allows good external circuit 
isolation by minimizing common ground paths. 


Note that the circuits of figures 1 and 3 have RF, os- 


cillator, and IF circuits predominantly referenced to the 
plus supply rails. Figure 6, on the other hand, shows a 
suitable means of ground referencing. The two methods 
produce identical results when carefully executed. It is 
important to treat Pin 19 as a ground node for either 
approach. The RF input should be “’grounded” to 


Comp( +) Comp(-)Squelch Squelch Demod Demod Quad 
Status Control Out Filter Input 


Car. Det. Out 


Limiter Limiter Limiter Quad 
Input Bias Bias Bias 


Pin 1 and then the input and the mixer/oscillator 
grounds (or RF Vcc bypasses) should be connected by 
a low inductance path to Pin 19. IF and detector sections 
should also have their bypasses returned by a separate 
path to Pin 19. Vcc and RF Vcc can be decoupled to 
minimize feedback, although the configuration of Figure 
3 shows a successful implementation on a common 5.0 
supply. Once again, the message is: define a supply 
node and a ground node and return each section to 
those nodes by separate, low impedance paths. 

The test circuit of Figure 3 has a 3 db limiting level 
of 30 pV which can be lowered 6 db by a 1:2 untuned 
transformer at the input as shown in figures 6 and 7. 
For applications that require additional sensitivity, an 
RF amplifier can be added, but with no greater than 20 
db gain. This will give a 2.0 to 2.5 pV sensitivity and any 
additional gain will reduce receiver dynamic range with- 
out improving its sensitivity. Although the test circuit 
operates at +5.0 V, the mixer/oscillator optimum per- 
formance is at +8.0 V to 12 V. A minimum of +8.0 V 
is recommended in high frequency applications (above 
150 MHz), or in PLL applications where the oscillator 
drives a prescaler. 
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FIGURE 7 — APPLICATION WITH SELF-ADJUSTING BIAS ON DATA SHAPER 
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APPLICATION NOTES, continued 


Depending on the external circuit, inverted or non- 
inverted data is available at Pin 18. Inverted data makes 
the higher frequency in the FSK signal a ‘one’ when the 
local oscillator is above the incoming RF. Figure 6 sche- 
matic shows the comparator with hysteresis. In this cir- 
cuit the dc reference voltage at Pin 17 is about the same 
as the demodulated output voltage (Pin 13) when no 
signal is present. This type circuit is preferred for sys- 
tems where the data rates can drop to zero. Some sys- 
tems have a low frequency timit on the data rate, such 
as systems using the MC3850 ACIA that has a start or 
stop bit. This defines the low frequency limit that can 
appear in the data stream. Figure 6 circuit can then be 


changed to a circuit configuration as shown in Figure 
7. In Figure 7 the reference voltage for the comparator 
is derived from the demodulator output through a low 
pass circuit where 7 is much lower than the lowest fre- 
quency data rate. This and similar circuits will compen- 
sate for small tuning changes (or drift) in the quadrature 
detector. 


Squelch status (Pin 15) goes high (squelch off) when 
the input signal becomes greater than some preset level 
set by the resistance between Pin 14 and ground. Hys- 
teresis is added to the circuit externally by the resistance 
from Pin 14 to Pin 15. 
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(AA) MOTOROLA 


Advance Information 


LOW POWER NARROW BAND FM IF 


_.. includes Oscillator, Mixer, Limiting Amplifier, Quadrature 
Discriminator, Active Filter, Squelch, Scan Control, and Mute 
Switch. The MC3357 is designed for use in FM dual conversion 
communications equipment. 


@ Low Drain Current (3.0 mA (Typ) @ Vcc = 6.0 Vdc) 


@® Excellent Sensitivity: Input Limiting Voltage — 
(-3.0 dB) = 5.0 pV (Typ) 


® Low Number of External Parts Required 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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Crystal 
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Mixer 
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This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MC3357 


LOW POWER 
FM IF 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-05 


PIN CONNECTIONS 


Filter 
Output 
Filter 
Input 


9] Demodulator 
Output 
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MC3357 


MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 


[Fin | Symbol | 
[Power Supply Voltage Sd | Veen 
[Operating Supply Vottage Rares | 4 | Voc __ 
[Detector nput Voltage ——SSCSC~dCiS Sd 
PMuteFunetion —SsSCSC~=~—~—~‘isC dng OS HOBO 
[sunetion Temperature 

fa 


Storage Temperature Range 


Drain Current 
Squelch Off 
Squeich On 


Detector Output Voltage 
Detector Output Impedance 


Recovered Audio Output Voltage 


Filter Gain (10 kHz) 
(Vin =5 mv) 


Filter Output Voltage 


Scan Function Low (Mute Off) 
(V42 = 2 Vdc) 


Scan Function High (Mute On) 
(V42 = Gnd) 


Mixer Conversion Gain 


Mixer Input Resistance 


Mixer Input Capacitance 


1 © Vcc = 6.0 Vdc FIGURE 2 — TEST CIRCUIT 
0.1 WF 
TF 40.245 MHz 100 nF eee 
—O 
U i 16 =a 10,7 MHz 
50 pF : 54 
120 pF 


muRata 


CFU 455 kHz | 10 k 
455 D é Filter. [4 = 
12] ; 10 k : Om 2.0 Vdc 


© Op Amp Output 
390 k 1.0 uF: 
10k 4+ 
}10 | (—© Filter In 
8.2 k 
El O Audio Out 
0.07 WF 
ar Me 
cr 1 Lp =1.0 mH 
: | Cp = 100 pF 
| 1 Rp=100k2 
Se a 
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CIRCUIT DESCRIPTION 


The MC3357 is a low power FM IF circuit designed 
primarily for use in voice communication scanning 
receivers. 

The mixer-oscillator combination converts the input 
frequency (e.g., 10.7 MHz) down to 455 kHz, where, after 
external bandpass filtering, most of the amplification 
is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal 
is indicated by the presence of noise above the desired 
audio frequencies. This “‘noise band” is monitored by 
an active filter and a detector. A squelch trigger circuit 
indicates the presence of noise (or a tone) by an output 
which can be used to control scanning. At the same 
time, an internal switch is operated which can be used 
to mute the audio. 

The oscillator.is an internally-biased Colpitts type with 
the collector, base, and emitter connections at Pins 4, 
1, and 2 respectively. A crystal can be used in place of 
the usual coil. | 
- The mixer is doubly-balanced to reduce spurious re- 
sponses. The input impedance at Pin 16 is set by a 3.0 
kQ internal biasing resistor and has low capacitance, 
allowing the circuit to be preceded by a crystal filter. 
The collector output at Pin 3 must be dc connected to 
B+, below which it can swing 0.5 V. 

After suitable bandpass filtering (ceramic or LC) the 
signal goes to the input of a five-stage limiter at Pin 5. 
The output of the limiter at Pin 7 drives a multiplier, 


both internally directly, and externally through a quad- 
rature coil, to detect the FM. The output at Pin 7 is also 
used to supply dc feedback to Pin 5. The other side of 
the first limiter stage is decoupled at Pin 6. 

The recovered audio is partially filtered, then buffered 
giving an impedance of around 400 Q) at Pin 9. The 
signal still requires de-emphasis, volume control and 
further amplification before driving a loudspeaker. 

A simple inverting op amp is provided with an output 
at Pin 11 providing dc bias (externally) to the input at 
Pin 10 which is referred internally to 2.0 V. A filter can 
be made with external impedance elements to discrim- 
inate between frequencies. With an external AM detec- 
tor the filtered audio signal can be checked for the pres- 
ence of noise above the normal audio band, or a tone 
signal. This information is applied to Pin 12. 

An external positive bias to Pin 12 sets up the squelch 
trigger circuit such that Pin 13 is low at an impedance 
level of around 60 kQ, and the audio mute (Pin 14) is 
open circuit. If Pin 12 is pulled down to 0.7 V by the 
noise or tone detector, Pin 13 will rise to approximately 
0.5 Vdc below supply where it can support a load current 
of around 500 pA and Pin 14 is internally short-circuited 
to ground. There is 100 mV of hysteresis at Pin 12 to 
prevent jitter. Audio muting is accomplished by con- 
necting Pin 14 to a high-impedance ground-reference 
point in the audio path between Pin 9 and the audio 
amplifier. 


en SPS 
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FIGURE 3 — CIRCUIT SCHEMATIC 


eae 


LGEEDIN 


(AA) MOTOROLA Mc3359 


| HIGH-GAIN 
LOW-POWER NARROW-BAND FM IF LOW-POWER 
FM IF 


... includes oscillator, mixer, limiting amplifier, AFC, quadrature 
discriminator, op/amp, squelch, scan control, and mute switch. SILICON MONOLITHIC 
The MC3359 is designed to detect narrow-band FM signals using INTEGRATED CIRCUIT 
a 455 kHz ceramic filter for use in FM dual conversion commu- 

nications equipment. The MC3359 is similar to the MC3357 ex- 
cept that the MC3359 has an additional limiting IF stage, an AFC 
output, and an opposite polarity Broadcast Detector. The MC3359 
also requires fewer external parts. 


@ Low Drain Current (3.6 mA (Typ) @ Vcc = 6.0 Vdc) 


@ Excellent Sensitivity: Input Limiting Voltage — 
(—3.0 dB) = 2.0 pV (Typ) 


@ Low Number of External Parts Required 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707-02 


FIGURE 1 — TYPICAL APPLICATION IN A SCANNER RECEIVER FIGURE 2 — PIN CONNECTIONS AND 
FUNCTIONAL BLOCK DIAGRAM 
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Op Amp 2 390 k Sensitivity 
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MAXIMUM RATINGS ({T, = 25°C, unless otherwise noted) 


[Power Supply Volpe Sid 

[input vonage Woc= e0vors) ‘| ie | vip [10 | Vim | 
[Mute Function ——SSSCS~—rit Sag |r to | M 
[sunation Temperature ———SSSCSC~iC YP tO 
[operating Ambient Temperature Range | — | Ta | -a0t0 70 | ed) 
[Storage Temperature Range |) tatg | esto 480 | oe 


ELECTRICAL CHARACTERISTICS (Vcc = 6.0 Vdc, fo = 10.7 MHz, Af = +3.0 kHz, fmoq = 1.0 kHz, 50.9 source, 
Ta = 25°C test circuit of Figure 3, unless otherwise noted) 


Characteristics 


Drain Current (pins 4 and 8) Squelch Off 
Squelch On 


Input for 20 dB Quieting | 
'| Input for —3dB Limiting | 
Mixer Voltage Gain (Pin 18 to Pin 3, Open) ee a 


Mixer Input Resistance 
Mixer Input Capacitance 


Recovered Audio, Pin 10 450 700 
(Input Signal 1.0 mVrms) 


Mixer Third Order Intercept, 50 2 Input 


Detector Center Frequency Slope, Pin 10 ee 
AFC Center Slope, Pin 11, Unloaded ee een eee ene VikHz 


Filter gain (test circuit of Fig. 3) | 
Squelch Threshold, Through 10K to Pin 14 


Scan Control Current, Pin 15 Pin 14—- High 
, — Low 
Pin 14 - High 
- Low 


Mute Switch Impedance 
Pin 16 to Ground 


FIGURE 3 — TEST CIRCUIT 
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Input 
| 68 | 10.7 MHz 
51 
pF 
Ceramic ; pF = 
_ Filter. ; az 2.4k Audio Gen, 
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as e 16% q p 
Op Amp Output 
0.1 wF 1.0M 
1.0 k — 
b-w—< Op Amp Input 
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AFC Output 
Audio Output 
5k 
7100 pF 75 a6 0.002 uF 
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FIGURE 4 — MIXER VOLTAGE GAIN FIGURE 5 — LIMITING I.F. FREQUENCY RESPONSE 
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FREQUENCY [MHz] 


RELATIVE OUTPUT [dB] 


FIGURE 10 — OUTPUT COMPONENTS OF 
SIGNAL, NOISE, AND DISTORTION 
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TEST CIRCUIT OF FIG. 3 
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FIGURE 12 — L/C OSCILLATOR, TEMPERATURE 
AND POWER SUPPLY SENSITIVITY 
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FIGURE 14 — L/C OSCILLATOR RECOMMENDED 
COMPONENT VALUES 
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FIGURE 11 — AUDIO OUTPUT AND TOTAL 
CURRENT DRAIN versus SUPPLY VOLTAGE 
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FIGURE 13 — OP AMP GAIN AND PHASE RESPONSE 
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FIGURE 15 — THE OP AMP AS A BANDPASS FILTER : 
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FIGURE 16 — CIRCUIT SCHEMATIC 
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CIRCUIT DESCRIPTION 


The MC3359 is a low-power FM IF circuit designed primarily 
for use in voice-communication scanning receivers. It is also 
finding a place in narrow-band data links. 

Inthe typical application (Figure 1), the mixer-oscillator com- 
bination converts the input frequency (10.7 MHz) down to 455 
kHz, where, after external bandpass filtering, most of the am- 
plification is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal is in- 
dicated by the presence of noise above the desired audio fre- 
quencies. This “noise band” is monitored by an active filter 
and a detector. A squelch-trigger circuit indicates the presence 
of noise (or a tone) by an output which can be used to control 
scanning. At the same time, an internal switch is operated 
which can be used to mute the audio. 


APPLICATION 


The oscillator is an internally-biased Colpitts type with the 


collector, base, and emitter connections at pin 4, 1, and 2, . 


respectively. The crystal is used in fundamental mode, cali- 
brated for parallel resonance at 32 pF load capacitance. In the- 
ory this means that the two capacitors in series should be 32 
pF, but in fact much larger values do not significantly affect 
the oscillator frequency, and provide higher oscillator output. 

The oscillator can also be used in the conventional L/C Col- 
pitts configuration without loss of mixer conversion gain. This 
oscillator is, of course, much more sensitive to voltage and 
temperature as shown in Figure 12. Guidelines for choosing 
L and C values are given in Figure 14. 

The mixer is doubly balanced to reduce spurious responses. 
The mixer measurements of Figure 4 and 6 were made using 


an external 50 2 source and the internal 1.8 k at pin 3. Voltage — 


gain curves at several Vcc voltages are shown in Figure 4. The 
Third Order Intercept curves of Figure 6 are shown using the 
conventional dBm scales. Measured power gain (with the 50 
Q input) is approximately 18 dB but the useful gain is much 
higher because the mixer input impedance is over 3 kN. Most 
applications will use a 330 2 10.7 Mkz crystal filter ahead of 
the mixer. For higher frequencies, the relative mixer gain is 
given in Figure 8. 

Following the mixer, a ceramic bandpass filter is recom- 
mended. The 455 kHz types come in bandwidths from +2 kHz 
to +15 kHz and have input and output impedances of 1.5 k to 
2.0 k. For this reason, the pin 5 input to the 6 stage limiting IF 


has an internal 1.8 k resistor. The IF has a 3 dB limiting sen- 
sitivity of approximately 100 pV at pin 5 and a useful frequency 
range of about 5 MHz as shown in Figure 5. The frequency 
limitation is due to the high resistance values in the IF, which 
were necessary to meet the low power requirement. The out- 
put of the limiter is internally connected to the quadrature 
detector, including the 10 pF quadrature capacitor. Only a par- 
allel L/C is needed externally from pin 8 to Vcc. A shunt re- 
sistance can be added to widen the peak separation of the 
quadrature detector. 

The detector output is amplified and buffered to the audio 
output, pin 10, which has an output impedance of approxi- 
mately 300 2. Pin 9 provides a high impedance (50 k) point in 
the output amplifier for application of a filter or deemphasis 
capacitor. Pin 11 is the AFC output, with high gain and high 
output impedance (1 M). If not needed, it should be grounded, 
or it can be connected to pin 9 to double the recovered audio. 
The detector and AFC responses are shown in Figure 7. 

Overall performance of the MC3359 from mixer input to au- 
dio output is shown in Figure 9 and 10. The MC3359 can also 
be operated in ‘single conversion” equipment; i.e., the mixer 
can be used as a 455 kHz amplifier. The oscillator is disabled 
by connecting pin 1 to pin 2. In this mode the overall perfor- 
mance is identical to the 10.7 MHz results of Figure 9. 

A simple inverting op amp is provided with an output at pin 
13 providing dc bias (externally) to the input at pin 12, which 
is referred internally to 2.0 V. A filter can be made with external 
impedance elements to discriminate between frequencies. 
With an external AM detector, the filtered audio signal can be 
checked for the presence of either noise above the normal 
audio, or a tone signal. 

The open loop response of this op amp is given in Figure 
13. Bandpass filter design information is provided in Figure 
15. 

A low bias to pin 14 sets up the squelch-trigger circuit such 
that pin 15 is high, a source of at least 2.0 mA, and the audio 
mute (pin 16) is open-circuit. If pin 14 is raised to 0.7 V by the 
noise or tone detector, pin 15 becomes open-circuit and pin 
16 is internally short-circuited to ground. There is no hyster- 
esis. Audio muting is accomplished by connecting pin 16 to 
a high-impedance ground-reference point in the audio path 
between pin 10 and the audio amplifier. No dc voltage is 
needed, in fact it is not desirable because audio “thump” would 
result during the muting function. Signal swing greater than 
0.7 V below ground on pin 16 should be avoided. 
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(AA) MOTOROLA MC3361 


Advance Information 


LOW POWER NARROW BAND FM IF 


LOW POWER 
FM IF 


SILICON MONOLITHIC 


INTEGRATED CIRCUIT 
... includes Ocillator, Mixer, Limiting Amplifier, Quadrature Dis- 


criminator, Active Filter, Squelch, Scan Control, and Mute Switch. 
The MC3361 is designed for use in FM dual conversion com- 
munications equipment. 


@ Operates From 1.8 V to 7.0 V . 
@ Low Drain Current 4.0 mA Typ @ Vcc = 4.0 Vde 


@ Excellent Sensitivity: Input Limiting Voltage — 
—3.0 dB = 2.0 pV Typ 


@ Low Number of External Parts Required P SUFFIX 


PLASTIC PACKAGE 
CASE 648-05 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 


[ating | Pin | Symbot | Value | Unit_| 
[Power Supply Voltage | 4 |Vccimaxi| 8.0 | Vo 
| Operating Supply Voltage Range | 4 | Vcc | 18to7.0 | Vde_ 
[ Detector Input Voltage | 
[Input Voltage (Voc > 4.0Volts) | 16_ 
ae 
es 
feos 
oa 


c 
Operating Ambient Temperature Range 


Storage Temperature Range 


Vcc 
| 
| wy | 


30 to +70 
ELECTRICAL CHARACTERISTICS (Vcc = 4.0 Vdc, fo = 10.7 MHz, Af = +3.0 kHz, fmod = 1.0 kHz, Ta = 25°C 
unless otherwise noted.) 


Characteristic 


Drain Current 
Squelch Off 
Squelch On 

Input Limiting Voltage 
(—3.0 dB Limiting) 


Detector Output Voltage 


Detector Output Impedance 
Recovered Audio Output Voltage 


Filter Output Voltage 


Trigger Hysteresis Ee ee ee 
: Mute Function Low fe ee a Oe | 
: Mute Function High ee Te ee eee 


Scan Function Low (Mute Off) 
(V12 = 2.0 Vdc) 


Scan Function High (Mute On) 
(V42 = Gnd) 


Mixer Input Resistance 


Mixer Input Capacitance 


oVCC 

10.245 MHz 0.01 uF 
FIGURE 2 — TEST CIRCUIT O Mixer Input 
6aP 51 10.7 MHz 

220P = 
food O Audio Mute 

muRata 
CFU455D2 


O Scan Control 


0 SQ SW Input 


s to Filter Amp Out 
1.0 uF 


510 


= = _ 
= nO Ww 


= (-o Filter Amp In 
1.0 uF 


O AF Output 
0.01 uF 


© 
NO 
x 


= 
Quad Coil \ HH orm 
0.1 uF | — 
Toko Type ‘a As \Quad Coil ~ 
RMC-2A6597HM = Lb 4 
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(AA) MOTOROLA 


Advance Information REMOTE CONTROL WIDEBAND 


AMPLIFIER WITH 
DETECTOR 


REMOTE CONTROL AMPLIFIER-DETECTOR SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3373 is intended for application in infrared remote con- 
trols. It provides the high gain and pulse shaping needed to couple 
the signal from an IR receiver diode to the tuning control system 
logic. 


@ High Gain Pre-Amp 
© Envelope Detector for PCM Demodulation 
@ Simple Interface to Microcomputer Remote Control Decoder 1 


@ May Be Used with Tuned Circuit for Narrow Bandwidth, Lower Seer 
Noise Operation 626-0 


P SUFFIX 
Small Package Size 
Minimum External Components 
Wide Operating Supply Voltage Range Pin Connections 
Low Current Drain 
Improved retrofit for NEC part no. pPC1373 Output Lj 1 


Peak Hold [_] 4 5 [_ J} Ground 


FIGURE 1 — REMOTE CONTROL APPLICATION 


(2) 


+9.0 Vdc 


MC3373 


MLED71 LITRONIX 
Infrared SFH206 

Emitting Receiver 
Diodes Diode 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS . | ‘ 
ea EN (2 


Junction Temperature : 


‘Power Dissipation, Package Rating 
Derate above 25°C 


RECOMMENDED OPERATING CONDITIONS 


Symbol 
Power Supply Voltage (25°C) 


Vdc 
Vdc 
kHz 


Power Supply Voltage (0°C) 


Input Frequency 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 V, fin = 40 kHz, Test circuit of Figure 2) 


4.75 
[SSCS~S~*~*«haractvistic «(Symbol | Min 
ieee cual Gen ee ee | 
Finput Voltage Threshold Min 
Se i ed 

(V[Pin 3] = 500 mVp-p) 

Ce ae EE 
Output Voltage, Vip = 1.0 mMVp.p | VoL _| 


Output Leakage, Vcc = VOH = 15 Vdc 


Vin 

Ay 

Tin 
VOL 
___'OH 
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Typ 
15 
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FIGURE 2 — TEST CIRCUIT 
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FIGURE 3 — BLOCK DIAGRAM 
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FIGURE 4 — INPUT AMPLIFIER GAIN 
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FIGURE 6 — TYPICAL SIGNAL WAVEFORMS 
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FIGURE 5 — DETECTOR THRESHOLD 
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APPLICATIONS INFORMATION 

The MC3373 is designed to amplify and detect the 
signal from an infrared receiver diode in a remote con- 
trol system. The signal is generally in the form of ultra- 
sonic bursts, ranging in amplitude from 50 »Vp_p to 
several hundred millivolts. The receiver diode may be 
directly connected to the MC3373 to save parts; the 
input is internally compensated by an ABLC (automatic 
bias level control). However, it is advantageous to ac 
couple the input, as shown in Figure 1, in order to pro- 
vide attenuation of the power line frequency IR inputs, 
which are plentiful in most cases. 

The input amplifier gain is approximately equal to the 
load impedance at Pin 3, divided by the resistor from 
Pin 6 to ground. Again, the low frequency gain can be 
reduced by using a small coupling capacitor in series 
with the Pin 6 resistor. 
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MC3373 


FIGURE 7 — INTERNAL SCHEMATIC 
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The load may be resistive, as shown in the application 
circuit, or tuned, as in the test circuit. The amplifier 
output is limited by back-to-back clamping diodes, level 
shifted, buffered and fed to a negative peak detector. 
The detector threshold is set by the external resistor on 
Pin 4, and an internal 6.8 kQ. resistor and diode to Vcc. 
The capacitor from Vcc to Pin 4 quickly charges during 
the negative peaks and then settles toward the set-up 
voltage between signal bursts at a rate roughly deter- 
mined by the value of the capacitor and the 6.8 k resis- 
tor. The external capacitor at Pin 2 filters the ultrasonic 
carrier from the pulses. 
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Output 


Filter 
R19 
10k R22 
200 Q301, 
Q29 
R15 R21 ° R24 
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Circuit Description (Refer to Figure 7) 

Q1-Q4 set the bias on the amplifier input at approx- 
imately 2.8 V. Q6-Q10 form the input amplifier, which 
has a gain of about 80 dB when R(Pin 6) = 0. Q5 sinks 
input current from the photo diode and keeps the am- 
plifier properly biased. Q18—Q20 level shift and buffer 
the signal to the negative peak detector, O22 and Q23. 
Output devices 026 and 027 conduct during peaks and 
pull the output, Pin 1, low. The capacitor on Pin 2 filters 
out the carrier. 
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Advance Information 


TWO MODULUS PRESCALER 


The MC3393P can divide by 15 and 16, andcan be used with 
Motorola CMOS frequency synthesizers MC145146, 52, 56 
for commercial AM-FM radio, land mobile and marine two- 
way radios, avionic radios, and scanner receivers. 


140 MHz (typ) Toggle Frequency 
+15/16 

TTL and CMOS Compatible Output 
Active Pullup and Pulldown 

+5.0 V Supply 

Buffered Clock Input 

100-400 mV (typ) Input Sensitivity 
200 Milliwatts (typ) 


FIGURE 1 — LOGIC DIAGRAM 
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MAXIMUM RATINGS 


rating dS Symbot [ vee [unit | 

[PowerSuppyvorae———SSSCSCSCS~dSCcs~=S=P SCC 

input Mode Control Vorage | vicr | 10_| __vae_ 

Tunotion Temperature | tO 
co) 


Storage Temperature Range -65 to +150 


PRELIMINARY ELECTRICAL CHARACTERISTICS (Unless otherwise noted Vcc = +5.0 Vdc, Ta = 25°C, fin = 100 MHz) 
Characteristics 


Capacitance 
Mode Control Voltage for 15 Count 
Mode Control Voltage for 16 Count 
Output High at 30 nA Source 
Output Low at 1.6 mA Sink 


Release Time (15 to 16 Count) Measured before 
Falling Edge of Clock Preceding Count 15 


Thermal Resistance, Rgjc 


— 3 : A . 


MOTOROLA LINEAR/INTERFACE DEVICES 
10-130 


(AA) MOTOROLA 


Advance Information 


DIVIDE BY 20 PRESCALER 


The MC3396P is a fixed +20 prescaler for use in frequency 
synthesizers and similar applications. 


@ 200 MHz (typ) Toggle Frequency 

@ Single 5.0 Volt Supply 

© Buffered Clock Input 

© 100 mV — 400 mV RMS Input Sensitivity 


© Open-Collector Saturating Output is Capable of Driving TTL and 
CMOS. . 


FIGURE 1 — LOGIC DIAGRAM 


FIGURE 2 — CAPACITOR-COUPLED INPUT PIN CONNECTIONS 
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MC3396P 


DIVIDE BY 20 
PRESCALER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX. 
PLASTIC PACKAGE 
CASE 626-04 


FIGURE 3 — LINK-COUPLED INPUT 
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MAXIMUM RATINGS 


Power Supply Voltage 


Junction Temperature 


Operating Temperature Range 


Storage Temperature Range 


Characteristic 


Operating Power Supply Voltage Range 


a 


Input impedance: 
Real Part 
Capacitance . 
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mc3484v2 
(AA) MOTOROLA MC3484V4 


SOLENOID 
DRIVER 
2.4A—V2 
4.0A—V4 


INTEGRATED SOLENOID DRIVER 


The MC3484 is an integrated monolithic solenoid driver. Its 
typical function is to apply full battery voltage to fuel injector(s) for 
rapid current rise, in order to produce positive injector opening. 
When load current reaches a preset level (4.0 Ain MC3484V4 or 2.4 
A in MC3484V2) the injector driver reduces the load current by a 
4-to-1 ratio and operates as a constant current supply. This condi- 
tion holds the injector open and reduces system dissipation. Other 
solenoid or relay applications could be served by the MC3484. Two 
high impedance inputs are provided which permit a variety of control 
options and can be driven by TTL or CMOS logic: 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


V SUFFIX 
PLASTIC PACKAGE 
CASE 314B-01 


eS 


PIN CONNECTIONS 


‘© Microprocessor Compatible Inputs 
@ On-Chip Power Device 


MC3484V2 2.4A Peak 0.6 A Sustain 
MC3484V4 4.0 A Peak 1.0 A Sustain 


Low Thermal Resistance to Grounded Tab 
ReJC = 2.5°C/W 


Internal Thermal Protection 
Controls die temperature to 175°C 
Load Dump Protected 


Low Saturation Voltage 

VCE(sat) = 1.6V Typ @ 4.0A 
Uncompromised Performance — 40°C to + 125°C 
Fully Functional from Vpat = 4.0 V to 24 V 


High V(BR)CEO(sus) = 42 V min @ 2.0A 


Tab (Gnd) 


ORDERING INFORMATION 
: Peak 
Device Temperature Range Currant 


FIGURE 1 — TYPICAL APPLICATION 


Single Injector — No Control Option 
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MAXIMUM RATINGS 


Internal Regulator (Pin 5) 


Volts 
V 


3 
> 


° ° 


Junction Temperature 


Operating Temperature Range (Tab Temperature) -40 to +125 


Storage Temperature Range -§5 to +150 


Thermal Resistance, Junction to Case 


No 
on 


°C/W 


ELECTRICAL CHARACTERISTICS (Vpat = 12 Vdc, Tc = 25°C, test circuit of Figure 2, unless noted) 


Output Peak Current (Ipk[sense]) V4 3.6 4.0 48 A 
V2 1.7 2.4 2.9 
Output Sustaining Current (igus) V4 1.0 1.1 _ 13 A 
V2 0.5 0.6 0.7 
V(BR)CEO(sus) @ 2.0 A a ae ee ee eee 
Output Voltage in Saturated Mode V 
V2@1.5A 1.2 1.8 
V4@3.0A 1.6 1.8 
ae ee ee 


SIG a 

oOloo io) 
= 
> 


~ 
— 


Internal Regulated Voltage (Vcc, Figure 2) 


Input “on” Threshold Voltage 
Input “off’’ Threshold Voltage 


Input “‘on” Current 
@ V, = 2.0 Vde 
@ V; = 5.0 Vde 


Control “on” Threshold Voltage 


Control “on” Current 


—- 


- 
oa ° 
ag 
ro) 
re 
7 7) 


i) 


Control Pin Discharge Impedance (V; Low) 
Input Turn On Delay (tj) 


zx = 


Ink sense to Isyg delay (tp) 


.~ 
n 


Control Signal Delay (t,) 
Input Turn Off from Saturated Mode Delay (ts) 
Input Turn Off from Sustain Mode Delay (tg) 


pS 


” 


Output Voltage Rise Time (ty) 


Output Current Fall Time (t,) 2.0A 
, 4.0A 


nA 1H 


= 
~“ 
ol 

° 
io) 


Internal Thermal Regulation 


FIGURE 2 — TEST CIRCUIT 
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GENERAL INFORMATION 


Inductive actuators such as automotive electronic fuel 
injectors, relays, solenoids and hammer drivers can be 
powered more efficiently by providing a high current drive 
until actuation (pull-in) occurs and then decreasing the 
drive current to a level which will sustain actuation. Pull- 
in and especially drop-out times of the actuators are also 
improved. 


The fundamental output characteristic of the MC3484 
provides a low impedance saturated power switch until 
the load current reaches a predetermined high-current 
level and then changes to a current source of lower mag- 
nitude until the device is turned off. This output charac- 
teristic allows the inductive load to control its actuation 
time during turn-on while minimizing power and stored 
energy during the sustain period, thereby promoting a fast 
turn-off time. 


Automotive injectors at present come in two types. The 
large throttle body injectors have an impedance of about 
2.0mH and 1.2 0 and require the MC3484 V4 driver. The 
smaller type, popular world-wide, has an impedance of 
4.0 mH and 2.4 0 and needs about a 2.0 A pulse for good 
results. Some designs are planned which employ two of 
the smaller types in parallel. The inductance of the injec- 
tors are much larger at low current, decreasing due to 
armature movement and core saturation to the values 
above at rated current. 


Operating frequencies range from 5.0 Hz to 250 Hz 
depending on the injector location and engine type. Duty 
cycle in some designs reaches 80%. 


APPLICATIONS INFORMATION 


The MC3484 is provided with an input pin (Pin 1) which 
turns the injector driver ‘‘on’’ and ‘‘off’’. This pin has a 
nominal trip level of 1.4 V and an input impedance of 20 
kQ.. It is internally protected against negative voltages 
and is compatible with TTL and most other logic. 


There is also a control pin (Pin 2) which if held low or 
grounded, permits the device to operate in saturation to 
Ink(sense) Where it will switch to Isyg automatically. If 
Pin 2 is brought high (>1.9 V), the MC3484 will switch to 
Isug Mode, whether or not Ipbk(sense) has been reached. 
(More on this later.) 


Figure 3 shows the operating waveforms for the sim- 
plest mode; i.e., with control Pin 2 grounded. When the 
driver is turned on, the current ramps up to the peak cur- 
rent sense level, where some overshoot occurs because 
of internal delay. The MC3484 then reduces its output to 
Isus- The fall time of the device is very rapid (<1.0 ys), but 
the decay of the load current takes 150 to 220 us, while 
dumping the load energy into the protection zener clamp. 


FIGURE 3 — OPERATING WAVEFORMS 
(Max Frequency 250 Hz, Pin 2 Grounded) 


Input Signal 
Pin 1 
>1.4V 


Load 
Current 


Output 
Current 


V 
Voltage ss 


Vbat 


Vbat-!sus RL +> 
Vsat 
VZ!pk 


Power 
Dissipation VzZlsus 


(Vbat-!sus RL) Isus 
Vsat !pk —— 


It is essential that the zener voltage be lower than the 
V(BR)CEO(sus), but not so low as to greatly stretch the 
load current decay time. Without the zener, the discharge 
of the load energy would be totally into the MC3484, 
which, for the high current applications, could cause the 
device to fail. (See SOA, Figure 12.) 


Also in Figure 3 is the graphically derived instantaneous 
power dissipation of the MC3484. It shows that, for prac- 
tical purposes, the worst case dissipation is less than 
(Isus) (Vbat) (duty cycle). 


If the combined effects of dissipation, ambient temper- 
ature and poor heat sinking causes the die temperature 
to reach 160°C, an internal protection circuit will reduce 
the output current to prevent device failure. The output 
pulses will remain controlled by the input, but may not 
operate the fuel injectors. 
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FIGURE 4 — SWITCHING WAVEFORMS 
(Expanded Time Scale) 
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FIGURE 5 — SWITCHING SPEED versus 
TEMPERATURE 


SWITCHING SPEED (us) 
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CASE TEMPERATURE (°C) 


Provided in Figures 3, 4, and 6 are definitions of the 
switching intervals specified in the Electrical Character- 
istics. Figure 5 shows that the critical switching parame- 
ters stay under control at elevated temperatures. 


In the case where Vpat is too low, or the input Pin 1 
“‘on''signal is too narrow for the output current to reach 
lpk(sense), it may still be desirable to cause the MC3484 
to switch to the Isyg mode. This can be accomplished 
either by driving Pin 2 with a properly delayed pulse, or 
by using an R-C charging circuit on Pin 2. If a pulse source 
is used, only the leading edge and 2.0 volts amplitude 
are important. The pulse duration is not critical, because 
once the MC3484 has changed to Isysg mode, it will stay 
there until Pin 1 has been recycled. A minimum pulse 
width of 15 ys will assure state change. 


If the R-C circuit is used (circuit of Figure 2, switch S2 in 
middle position), the charging voltage will be toward Vcc, 
but will reach the Pin 2 threshold at Vcc /4. This main 
tains the timing of the Isyus transition even when Vcc is 
below regulation. When Pin 1 is turned off, the capacitor 
on Pin 2 is discharged through an internal 10 kO resistor 
to about 0.1 V above ground. It is important to use a high 
value for R, so that the capacitor will be almost fully dis- 
charged. With arecommended R=470KQ and C=0.02 uF, 
Pin 2 threshold will be reached in approximately 2.0 ms. 


In another application option, Pin 2 can be enabled 
in paralled with Pin 1, or connected to Vcc, so that the 
MC3484 always turns on in the lsyg mode. The MC3484 
thus provides a logic compatible, constant current power 
switch. 


FIGURE 6 — APPLICATION OF CONTROL (PIN 2) 
(Test Circuit of Figure 2) 
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TYPICAL CHARACTERISTICS 


25°C, 250 Hz square wave input) 


12 Vdc, Tc = 


(Unless otherwise noted: Test circuit of Figure 2, Vpat 


FIGURE 8 — SATURATION VOLTAGE 


FIGURE 7 — OUTPUT CURRENT versus TEMPERATURE 
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FIGURE 9 — OUTPUT CURRENT versus 


OPERATING VOLTAGES 


FIGURE 10 — 
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FIGURE 11 — BREAKDOWN VOLTAGE versus 


FIGURE 12 — SAFE OPERATING AREA 
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FIGURE 13 — INTERNAL SCHEMATIC. 
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Advance Information 


MONOMAX BLACK-AND-WHITE TV SUBSYSTEM 
The MONOMAX is a single-chip IC that will perform the elec- 


tronic functions of a monochrome TV receiver, with the exception 
of the tuner, sound channel, and power output stages. 


@ Full Performance Monochrome Receiver with Noise and Video 


Processing — Black Level Clamp, DC Contrast, Beam Limiter 


@ Video IF Detection on Chip — No Coils, No Pins, except Inputs 
® Noise Filtering on Chip — Minimum Pins and Externals 


Oscillator Components on Chip — No Precision Capacitors 
Required 


MC13001P for 525 Line NTSC and MC13002P for 625 Line CCIR 


MC13001P 
MC13002P 


MONOMAX 
BLACK-AND-WHITE TV 
SUBSYSTEM 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 710-02 


Low Dissipation in All Circuit Sections 

High-Performance Vertical Countdown 

2-Loop Horizontal System with Low Power Start-Up Mode 
Noise Protected Sync and Gated AGC System 


Designed to work with TDA1190P or TDA3190P Sound IF and 
Audio Output Devices 


Reverse AGC. Types are Available on Special Order. Consult 
Factory 


FIGURE 1 — BASIC ELEMENTS OF THE SYSTEM 
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MAXIMUM RATINGS (Ta = 25° unless otherwise noted) 


a 

| 
[Power Dissipation = ats 
Horizontal Driver Current — Pin 17 


RF AGC Current — Pin 11 


Maximum Junction Temperature 
Storage Temperature Range —65 to +150 


RECOMMENDED OPERATING CONDITIONS 


Horizontal Output Drive Current IHOR 


RF AGC Current IRFAGC 
Regulator Current IREG 
ELECTRICAL CHARACTERISTICS (Vcc = 11.3 V, Ta = 25°C) 


Symbol 
Power Supply Current Pins 18 & 19 Icc 


Regulator Voltage Pin 19 VREG 
HORIZONTAL SPECIFICATIONS 


Oscillator Frequency (Nominal) Pin 12 


one 


Oscillator Sensitivity 


= 
< 
s 


go 
ho 


SN 


fHOR(NOM) 13 


nN 
Ww 
oO 


Start-Up Frequency fHOR 
(14g = 4.0 mA) 


Oscillator Temperature Stability fHOR 
(0 < TA = 75°C) 


Phase Detector 1 
(Charge/Discharge Current) 


| 
— 
oOo 


161 


(Non Standard Frame) +900 
(Standard Frame) +400 
Phase Detector 1 Vol 7.5 (Max) Vdc 
(Output Voltage Limits) 2.5 (Min) 
Phase Detector 1 2.0 pA 
(Leakage Current) 
Phase Detector 2 162 +1.0 mA 
(Charge/Discharge Current) —0.6 
Phase Detector 2 V2 7.7 (Max) Vdc 
(Output Voltage Limits) 1.5 (Min) 
Phase Detector 2 pA 
(Leakage Current) 
Horizontal Delay Range 18 (Max) ps 
(Sync to Flyback) 5.0 (Min) 


Horizontal Output Saturation Voltage V17(SAT) 
(147 = 7.0 mA) 


Phase Detector 1 (Gain Constant) . 
(Out-of-Lock) 
(In-Lock) 


Horizontal Pull-ln Range 


a 
:— 
& 
= 
7) 


+ 500 
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VERTICAL SPECIFICATIONS 


a ee 
; 
ad 


Ramp Retrace Current Pin 20 


Ramp Leakage Current Pin 20 


Feedback Maximum Voltage 


IF SPECIFICATIONS 


V21 


Input Bias Voltage 


Input Resistance 
Input Capacitance 
(Vacc Pin 8 = 4.0 V) 
Sensitivity 

(Vg = 0 V, 400Hz 30% MOD, V9g = 0.8 Vpp) 


Bandwidth 
VIDEO SPECIFICATIONS 


Zero Carrier Voltage (See Figure 6A) ‘Pin 28 


Output Voltage (See Figure 6B) Pin 24 
White to Back Porch 
Differential Gain 
Differential Phase 

(IRE Test Method) 


Contrast Bias Current 


AGC & SYNC 


R.F. (Tuner) AGC Output Current 
(V11 = 5.5 V) 

AGC Delay Bias Current 

AGC Feedforward Current 

AGC Threshold 
(Sync Tip at Pin 28) 

Sync Separator Operating Point 

Sync Separator Charge Current 


AGC FEEDFORWARD (PIN 9, VOLTS) 


IF GAIN REDUCTION (dB) 
RELATIVE ATTENUATION (dB) 


0 1.0 2.0 3.0 4.0 5.0 0 2.0 4.0 6.0 8.0 10 
AGC VOLTAGE VIDEO OUTPUT RESPONSE (MHz) 
(PIN 8) . 
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FIGURE 4 — DETECTOR PRODUCTS 


45.75 MHz = 25 mV RMS 

42.17 MHz = 12.5 mV RMS 

41.25 MHz = Relative to 
45.75 MHz 


RELATIVE PRODUCT ATTENUATION (dB) 


RELATIVE 41.25 MHz INPUT LEVEL (dB) 


GENERAL DESCRIPTION 


The Video IF Amplifier is a four-stage design with 80 
pV sensitivity. It uses a 6.2 V supply decoupled at pin 
4. The first two stages are gain controlled, and to ensure 
optimum noise performance, the first stage control is 
delayed until the second stage has been gain reduced 
by 15 dB. To bias the amplifier, balanced dc feedback 
is used which is decoupled at pins 2 and 6 and then fed 
to the input pins 3 and 5 by external 2.0 k resistors. The 
nominal bias voltage at these input pins is approxi- 
mately 4.2 Vdc. Input capacitance between pins 3. and 
5 which varies with gain reduction is provided. The ca- 
pacitance is nominally 2.0 pF at zero gain reduction, 
rising to a maximum value of approximately 5.5 pF at 
30 dB gain reduction. Improved weak signal perfor- 
mance results when the capacitance change is allowed 
to move the center frequency of the final tuned circuit 
of the IF filter. The input, because of the high IF gain, 
should be driven from a balanced differential source. 
For the same reason, care must be taken with the IF 
decoupling. 

The IF output is rectified in a full wave envelope de- 
tector and detector non linearity is compensated by 
using a similar nonlinear element in a feedback output 
buffer amplifier. The detected 1.9 Vp., video at pin 28 
contains the sound intercarrier signal, and pin 28 is nor- 
mally used as the sound takeoff point. The video fre- 
quency response, detector to pin 28, is shown in Figure 
3 and the detector intermodulation performance can be 
seen by reference to Figure 4. Typical pin 28 video wave- 
forms and voltage levels are shown in Figure 6. 

The video processing section of Monomax contains 
a contrast control, black level clamp, a beam current 
limiter and composite blanking. The video signal first 
passes through the contrast control. This has a range 
of 14:1 for a 0 V to 5.0 V change of voltage on pin 26, 
which corresponds to a change of video amplitude at 
pin 24 of 1.4 V to 0.1 V (black to white level). The beam 
current limiter operates on the contrast control, reduc- 
ing the video signal when the bean current exceeds the 
limit set by external components. As the beam current 


INPUT CAPACITANCE (pF) 


FIGURE 5 — DIFFERENTIAL INPUT IMPEDANCE 
CHARACTERISTICS versus AGC 


INPUT RESISTANCE (kQ)) 


1.0 2.0 3.0 
AGC VOLTAGE 


increases, the voltage at pin 27 moves negatively from 
its normal value of 1.5 V, and at 1.0 V operates the 
contrast control, thus initiating beam limiting action. 
After the contrast control, the video is passed through 
a buffer amplifier and dc restored by the black level 
clamp circuit before being fed to pin 24 where it is 
blanked. The black level clamp, which is gated ‘‘on” 
during the second half of the flyback, maintains the 
video black level at 2.4 V + 0.1 V under all conditions, 
including changes in contrast, temperature and power 
supply. The loop integrating capacitor is at pin 25 and 
is normally at a voltage of 3.3 V. The frequency response 
of the video at pin 24 is shown in Figure 3 and it is 
blanked to within 0.5 V of ground. 

The AGC loop is a gated system, and for all normal 
variations of the IF input signal maintains the sync tip 
of a noise filtered video signal at a reference voltage 
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FIGURE 6A — PIN 28 SOUND OUTPUT 
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FIGURE 6B — PIN 24 — VIDEO OUTPUT 
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(5.1 V pin 28). The strobe for the AGC error amplifier is 
formed by gating together the flyback pulse with the 
separated sync pulse. Integration of the error signal is 
performed by the capacitor at pin 8, which forms the 
dominant AGC time constant. Improved noise perfor- 
mance is obtained by the use of a gated AGC system, 
noise protected by a dc coupled noise canceling circuit. 
The false AGC lock conditions, which can result from 
this combination, are prevented by an anti lockout cir- 
cuit connected to the sync separator at pin 7. AGC lock- 
out conditions, which occur due to large rapid changes 
of signal level are detected at pin 7 and recovery is 
ensured under these conditions by changing the AGC 
into a mean level system. The voltage at pin 10 sets the 
point at which tuner AGC takeover occurs and positive 
going tuner control, suitable for an NPN RF transistor, 
is available at pin 11. The maximum output is 5.5 V at 
5.0 mA. A feed-forward output is provided at pin 9. This 
enables the AGC control voltage to be ac coupled into 
the tuner takeover control at pin 10. The coupling allows 
additional IF gain reduction during signal transient con- 
ditions, thus compensating for variations of AGC loop 
gain at the tuner AGC takeover point. In this way the 
AGC system stability and response are not degraded. 

The previously mentioned noise protection is effected 
by detecting negative-going noise spikes at the video 
detector output. A dc coupled detector is used which 
turns on when a noise spike exceeds the video sync tip 
by 1.4 V. This pulse is then stretched and used to cancel 
the noise present on the delayed video at the input to 
the sync separator. Cancellation is performed by blank- 
ing the video to ground. Complete cancellation of the 
noise spike results from the stretching of the blanking 
pulse and the delay of the noise spike at the input to 
the sync separator. Protection of both the horizontal PLL 
and the AGC stems from the fact that both circuits use 
the noise cancelled sync for gating. 

The composite sync is stripped from a delayed and 
filtered video in a peak detecting type of sync separator. 


The components connected to pin 7 determine the slice 
and tilt levels of the sync separator. For ideal horizontal 
sync separation and to ensure correct operation of AGC 
anti-lockup circuit, a relatively short time constant is 
required at pin 7. This time constant is less than opti- 
mum for good noise free vertical separation, giving rise 
to a vertical slice level near sync tip. An additional, 
longer, time-constant is therefore coupled to the first 
via a diode. With the correct choice of time constants, 
the diode is non conducting during the horizontal sync 
period, but conducts during the longer vertical period. 
This connects the longer time constant to the sync sep- 
arator for the vertical period and stops the slice level 
from moving up to the sync tip. The separated com- 
posite sync is integrated internally, and the time con- 
stant is such that only the longer period vertical pulses 
produce a significant output pulse. The output is then 
fed to the vertical sync separator, which further pro- 
cesses the vertical pulse and provides increased noise 
protection. The selection of the external components 
connected to the vertical separator at pin 23 permits a 
wide range of performance options. A simple resistor 
divider from the 8.2 V regulated supply gives adequate 
performance for most conditions. The addition of an RC 
network will make the slice level adapt to varying sync 
amplitude and give improved weak signal performance. 
A resistor to the AGC voltage on pin 9 enables the sync 
slice level to be changed as a function of signal level. 
This further improves the low signal level separation 
while at the same time giving increased impulse noise 
protection on strong signals. 


HORIZONTAL OSCILLATOR 


The horizontal PLL (see Figure 7) is a 2-loop system 
using a 31.5 kHz oscillator which after a divider stage 
is locked to the sync pulse using phase detector 1. The 
control signal derived from this phase detector on pin 
13 is fed via a high-value resistor to the frequency- 


FIGURE 7 — HORIZONTAL OSCILLATOR SYSTEMS 
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control point on pin 12. The same divided oscillator 
frequency is also fed to phase detector 2, where the 
flyback pulse is compared with it and the resulting error 
used to change a variable slice level on the oscillator 
ramp waveform. This therefore changes the timing of 
the output square wave from the slicer and hence the 
timing of the buffered horizontal output on pin 17. (see 
Figure 8) The error on phase detector 2 is reduced until 
the phasing of the flyback pulse is correct with respect 
to the divided oscillator waveform, and hence with re- 
spect to the sync pulse. 

To improve the pull-in and noise characteristics of the 
first PLL, the phase detector current is increased when 
the vertical lock indicator signals an unlocked condition 
and is decreased when locked. This increases the loop 
bandwidth and pull-in range when out of lock and de- 
creases the loop bandwidth when in lock, thus improv- 
ing the noise performance. In addition, the phase de- 
tector current during the vertical period is reduced in 
order to minimize the disturbance to the horizontal 
caused by the longer period vertical phase detector 
pulses. 

The oscillator itself is a novel design using an on-chip 
50 pF silicon nitride capacitor which has a temperature 
drift of only 70 ppm/°C and negligible long term drift. 
This, in conjunction with an external resistor, gives a 
drift of horizontal frequency of less than 1Hz/°C — i.e., 
less than 100 Hz over the full operating temperature 
range of the chip. The pull-in range of the PLL is about 
+ 750 Hz, so normally this would eliminate the need 
for any customer adjustment of the frequency. 

The second significant feature of this design is the 
use of a virtual ground at the frequency control point 
which floats at a potential derived from a divider across 
the power supply and this is the same divider which 
determines the end-points of the oscillator ramp. The 
frequency adjustment which is necessary to take up 
tolerances in the on-chip capacitor is fed in as a current 
to this virtual ground and when this adjustment current 
is derived from an external potentiometer across the 
same supply there is no frequency variation with supply 
voltage. Moreover, using the voltage from a potentiom- 
eter for the adjustment instead of the simple variable 
resistor normally used in RC oscillators makes the fre- 
quency independent of the value of the potentiometer 
and hence its temperature coefficient. The frequency 
control current from the first phase detector is fed into 
this same virtual ground and as the sensitivity of the 
control is about 230 Hz/uA a high value resistor can be 
used (680 kQ) and this can be directly connected to the 
phase detector filter without significant loading. 

This oscillator operates with almost constant fre- 
quency to below 4.0 volts and as the total PLL system 


consumes less than 4.0 mA at this voltage, this gives — 


an ideal start-up characteristic for receivers using 
deflection-derived power supplies. 

The flyback gating input is on pin. 15 which is inter- 
nally clamped to 0.7 V in both directions and requires 


a negative input current of 0.6 mA to operate the gate. 


circuit. This input can be a raw flyback pulse simply fed 
via a suitable resistor. 


FIGURE 8 — HORIZONTAL WAVEFORMS 


200 mV p/p 45V ® 
50 mV p/p / 


VERTICAL SYSTEM 

An output switching signal is taken from the 31.5 kHz 
oscillator to clock the vertical counter which is used in 
place of a conventional vertical oscillator circuit. The 
counter is reset by the vertical sync pulse but the period 
during which it is permitted to reset is controlled by the 
window control. Normally, when the counter is running 
synchronously, the window is narrow to give some pro- 
tection against spurious noise pulses in the sync signal. 
If the counter output is not coincident with sync how- 
ever, after a short period the window opens to give reset 
over a much wider count range, leading to a fast picture 
roll towards lock. The vertical sync, gated by the 
counter, then resets a ramp generator on pin 20 and the 
1.5 volt p-p ramp is buffered to pin 22 by the vertical 
preamplifier. A differential input to the preamp on pin 
21 compares the signal generated across the resistor 
in series with the deflection coils with the generated 
ramp and thus controls shape and amplitude of the coil 
current. 

The basic block diagram of the countdown system is 
shown in Figure 9. The 31.5 kHz (2 Fy) clock from the 
horizontal oscillator drives a 10-stage counter circuit 
which is normally reset by the vertical sync pulse via 
the sync gate, OR gate and D flip-flop. This D input is 
also used to initiate discharge of the ramp capacitor and 
hence causes picture flyback. 

The period during which sync can reset the counter 
and cause flyback is determined by the window control 
which defines a count range during which the gate is 
open. One of two ranges is selected according to the 
condition of the signal. The normal “narrow” range is 
514 to 526 counts for a 525 line system and is selected 
after the coincidence detector indicates that the reset 
is coincident, twice in succession, with the 525 count 
from the counter. When the detector indicates non- 
coincidence 8 times in succession, then the window 
control switches to the ‘‘wide’”’ mode (384 to 544 counts) 
to achieve rapid re-synchronization. For the 625 line 
version the counts are 614 to 626 for narrow mode and 
484 to 644 for wide mode. Note that the OR gate after 
the sync gate is used to terminate the count at the end 
of the respective window if a sync pulse has not 
appeared. 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-144 


MC13001P, MC13002P 


FIGURE 9 — MONOMAX VERTICAL COUNTDOWN 
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This method accepts non-standard signals almost in 
the same way as a conventional triggered RC oscillator 
and has a similar fast lock-in time. However, the use of 
a window control on the counter reset ensures that 
when locked with a normal standard broadcast signal 
the counter will reject most spurious noise pulses. 

The blanking output is provided from a latch which 
is set by the counter reset pulse and terminated by count 
20 from the counter chain. 


FIGURE 10 — VERTICAL WAVEFORMS 
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POWER SUPPLY 


The power supply regulator, although of simple de- 
sign, provides two independent power supplies — one 
for the horizontal PLL section and the other for the re- 
mainder of the chip. The supplies share the same ref- 
erence voltage but the design of the main regulator is 
such that it can be switched on independently to give 
minimum loading on the “bleed” voltage source during 
start-up phase of a deflection-derived supply system. 


FIGURE 11 — POWER SUPPLY CIRCUIT 
VeL — 8 HORIZONTAL MAIN 
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FIGURE 12 — TEST CIRCUIT DIAGRAM 


| OVREG 
10k ee (vm) 56 k 


Pin 
19 
O 
| i TL] Result Ed 
10 nF se Supply 
— 250 500 
Blanking 


O [5] Same as Pin 3 24 O VREG 
sa = 12k 12 k 
Video 
O 
4 Cs) Gg Vertical : “ 


Same as Pin 2 


Sync 
10 nF . Integrated 470 k 
— Sync 
820 ) = 
0 7 Sync 012 V 
[7 cea 470 220 
180 k sty nF oe Video ; 
oO V21 


47k 
WA +12 V 


: ol 
10 nF 27k 
al 6.2 V 


o 9 | Vertical 20] OIA 


5.0 75 
47k Countdown K 0.1 wF c uF 
35 k ; 
Regulated 
a Supply 
O 


8.2V 
(‘0 0.1 uF $ 990 (‘cc) 
100 Horizontal 
Supply 
: ace Eee oe 
3.0 k 


22 k 


O [12] as 5.0V 


300 
Flyback 
(v2 is aire 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-146 


MC13001P, MC13002P 


FIGURE 13 — TYPICAL APPLICATION 


Video 
Out 
V 
+8.2V *Rep = 2K ko 
1.2k 2 
+8.2V +120 V 
39 k bee Vert +24V -+12V +120 VV -+120V 
er 

; High Voltage = Synct Feedback S 8 oe 3 

To TDA1190P Winding “y 50 nF Vert Eaek o 
‘ Size oD 

Sound IF 1ak = ‘Cantrast =. ae 1M hea Flyback 

82 k +8.2V = | 
V 
Black x S 150 Horiz  SReg WW ae 
4.7 uF ~ Level fo) aa = Drive 
Ae oe st Clamp S 0.05 0.1 0.1 = 
sh ea) 2 Ay sai Gel 
ive +8.2 V 
= = is — i = = = — 
_ = Vert 
10= Drive VREG Vcc 
28 27 26 25 24 | 23 22 21 20 19 18 17 16 15 
MC13001 MONOMAX 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 


50 nF VRE RF Horiz Horiz Horiz 
AGC Freq Phase Phase 


ra 7 rc = Det. 1 Det. 2 
(e " ie 10 n 9 1.0 pF|+8.2 V 10 nF 
T Teta], 7 tuo Ts Oey: T 
= 680 ° 
= FS = = iF >. = % eee — 
Decoupling Decoupling 0.1 nF e ay 
x |+8.2V Q x N 
+8.2V rm ak ) RF 2a N F0 
Video IF In Delay Oey ro) ° s © 
- oriz oO od - 
Freq ed 
Pin 9 2% Metal Film 
or Metal Oxide 
ms 120 k Sessa Seas 4 
~ ii 1.0 wF ‘1 470 k | | 
— | | 
= = — as | | 
Sync Separator Components | nk | 
l 
t Vertical Sync - optional components | 
for extra performance with low signal strength 
! | 
ys = ! 
(So Ss ee eS anh 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-147 


MC13010P MOTOROLA 


| Advance Information | 


TV PARALLEL SOUND 
IF/AFT 


SILICON MONOLITHIC 


TV PARALLEL SOUND IF AND AFT INTEGRATED CIRCUIT 


The PSIF is a single-chip IC that enhances the performance of a 
color TV, audio and video/chroma system. It eliminates bandpass - 
compromises which normally tradeoff 920 kHz video beat with 
sound performance. The chip also includes a surface wave filter 
preamplifier and an AFT circuit. 


@ Low Noise Preamplifier for SAW filter 

@® Wideband IF Amplification with Mean Level AGC 
@ intercarrier Detector for Sound Carrier Output 

@ Reduces 920 kHz Beat 

@ AFT Discriminator with Output Polarity Selection 


P SUFFIX 
PLASTIC PACKAGE 


@ internal Voltage Regulator 8.2 V CASE 707-02 


@ 30 mA Available from 8.2 V Internal Regulator 


PIN CONNECTIONS 


FIGURE 1 — BLOCK DIAGRAM 
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This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS 


Vcc 
c/w 
[Power Dissipation Peckagetimitation) | Po | 11 | WS 
[Maximum lunction Temperature | Tama | 180_—*| °C | 


ELECTRICAL CHARACTERISTICS (Vcc = 12 V, Ta = 25°C, Test Circuit of Figure 2, unless otherwise noted) 


IF Sensitivity, Output 1.5 Vop Typ. 
Input 45.75 MHz, 30% AM @ 1.0 kHz, Differential Pins 2, 3 


Intercarrier Sound Output (Beat), 
Input 45.75 MHz, 2.2 mVrms; 41.25 MHz, 0.7 mVrms 


Preamplifier Input Resistance 
Preamplifier Input Capacitance 


IF Input Resistance 
IF Input Capacitance 


AFT Center-Frequency Slope 
AFT Output Max, 1.0 MHz Detuning 


IF 
Input 


7 J Output VREG 12 


8 Output 11 
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Description 

The MC13010 T.V. Parallel Sound IF/AFT is designed 
to be part of a high performance color television system. 
Its primary function is to provide a complete separate IF 
amplifier for sound, leaving the normal IF to be concerned 
only with video. Secondary functions include an AFT 
detector and a SAW preamp. 

In most present day color television receivers, sound 
and video are processed by the same IF amplifier and, in 
many cases, the same synchronous or pseudosynchro- 
nous detector. This imposes undesirable compromises 
in video and sound performance. Particularly in the U.S., 
the avoidance of a color/sound beat product (920 kHz) 
can only be achieved at the expense of sound quieting and 
sensitivity. Earlier solutions involved a single IF amplifier 
driving two detectors, with numerous interstage align- 
ments required. . 

A method of solving these problems is to process the 
sound and video separately, directly from the tuner 
output. The MC13010 provides the second complete IF 
channel, with its own wideband detector and AGC. This 
permits both video IF and sound IF to be free of tuned 
elements, except at their inputs. (See Figure 3.) 


Preamplifier 

The preamp is included to compensate for the high 
insertion loss of a Surface Acoustic Wave filter. This 
SAW filter may have two outputs with different responses, 
or it may serve only the video signal path. The preamp 
is optional if an LC filter is used. In any case, the selectivity 
ahead of the video IF must provide deep trapping of the 
sound carrier, while the sound bandpass is relatively 
broad and flat between the picture and sound carriers. 


The Sound IF 


The overall gain of 80 dB and gain control range of 48 
dB equals the video IF’s of earlier designs. This allows the 
fullimprovement of the system architecture to be realized. 
The AGC in the MC1301 Ois a peak-detecting type, driven 
internally from the sound detector, and requiring only 
one external filter. The general characteristic of the IF 


gain and gain control are given in Figure 4. The inter- 
carrier sound output (Pin 11) is typically about 60 MVrms, 
which easily overcomes a lossy intercarrier filter and 
meets the input needs of even the least sensitive FM 
sound IF ICs. 


AFT 


The AFT detector is a quadrature type operating at the 
picture IF frequency, with only one external L-C to be 
aligned. The polarity of the AFT output may be changed 
by taking the mode control (Pin 16) high or low. If the 
control pin is left open, the AFT is defeated. 


Additional Applications 

The MC13010 is an ideal part for stand-alone AFT. 
It contains the entire active system to provide a tuner 
with “self control’. (See Figure 6.) 

This device performs AM detection at the intercarrier 
sound output. Therefore, AM modulated digital data may 
be recovered. This function may be useful in cable sys- 
tems where digital coding is employed. 


FIGURE 4 — GAIN AND AGC CHARACTERISTICS 
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FIGURE 3 — BLOCK DIAGRAM OF T.V. APPLICATION OF MC13010 
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FIGURE 5(A) — TYPICAL T.V. APPLICATION 
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FIGURE 5(B) — TYPICAL APPLICATION 


Shown above are two approaches to using the 
MC13010 in TV designs. The simpler circuit 5(a) offers 
the lowest cost, but the 12 dB of preamp gain does not 
nearly overcome the 20 to 25 dB of SAW filter loss. (Bear- 
ing in mind that discrete L/C approaches also incur some 
loss at this point, the 5(a) circuit is probably about equal 
in gain.) The transformer T4 in Figure 5(b) takes advantage 
of the high impedance current source nature of the pre- 
amp outputs, Pins 6 and 7, to pick up about another 6.0 
dB of gain. Even more may be possible with more primary 
turns. When using the coil information given at the right, 
note that it is based on very limited experience and is 
offered only as a general guideline. 


Experimental values for 45 MHz IF: 


Ti— Primary: TOKO E502LN-4000034 
Secondary: TOKO E502LN-7000037, in shield case 


e 
VCC = 12 Vde 


AFT Output 
to Tuner 


T2 — Video IF Surface Acoustic Wave (SAW) 
Filter: muRata, SAF 45MC02Z 


T3 — Ceramic Intercarrier Output Filter: muRata 
SFE 4.5 MB 


T4— TOKO KANAS-K7060EK 


L1— TOKO E502LN-4000034 or J. W. Miller 48A147MPC 
with shield case, tuned to 45.75, L ~ 0.12 wH. 


L2 — Same part as L1, except tuned to 44 MHz and loaded 
with 270 0 


R1 and R2 — Adjust for nominal tuning voltage 


R3 — Chosen for tuning voltage swing required. Note that 
Pin 15 can source or sink 300 yA (typ) at the 
extremes of control range 
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FIGURE 6 — ‘“STAND-ALONE”’’ AUTOMATIC FINE TUNING (AFT) APPLICATION 


O +24 Vdc 


AFT TO 
TUNER 
SIGNAL 
FROM 
TUNER 
Channel 3 Component Values 
T1 — Made from two coils positioned side by side, without UNI-10/144 (green 5-1/2 turns) shielded, adjusted 
shields, on 0.38” centers. Coils are COILCRAFT part to 61.25 MHz (~ 0.14 wh) 
no. T7-142 (violet - 7-1/2 turns), each with its own . 
slug, Carbonal E, adjusted to 63 MHz(~ 0.4 yH). This R1 and R2 — Adjust for nominal tuning voltage 


should give a slightly overcoupled response. A 


shield to surround the coils may be required. R3 — Chosen for tuning voltage swing required. Note that 


Pin 15 can source or sink 300 yA (typ) at the 
L1 — COILCRAFT UNI-7/150 (blue 6-1/2 turns) or extremes of control range 
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Advance Information 


MOTOROLA CQUAM® AM STEREO DECODER 


This circuit is a complete one-chip full-feature AM stereo de- 
coding and pilot detection system. It employs full-wave envelope 
signal detection at all times for the L +,R signal, and decodes 
L—R signals only in the presence of valid stereo transmission. 


No Adjustments, No Coils 
Few Peripheral Components 


True Full-Wave Envelope Detection for L+R 


PLL Detection for L—R 


25 Hz Pilot Presence Required To Receive L—R 


Pilot Acquisition Time 300 ms For Strong Signals, Time Ex- 


tended For Noise Conditions To Prevent “Falsing”’ 
Internal Level Detector Can Be Used As AGC Source 


FIGURE 1 — TYPICAL APPLICATION 
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are subject to change without notice. 
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.MAXIMUM RATINGS 


Operating Temperature 
Storage Temperature 
Junction Temperature TJ (max) 


Power Dissipation 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Vcc = 8.0 Vdc, Ta = 25°C, Circuit Of Figure 1 Unless Otherwise Noted.) 


Audio Output Level, 50% Modulation, L only or R only 


Audio Output Level, 50% Modulation, Monaural 


Output THD Monaural 
Stereo 


Channel Separation 


Pilot Acquisition Time 


NO 
oO 
oO 


- Oo N 


Input Impedance Rin 27 


Output Impedance 


— 
(=) 
(o>) 
— 
ol 
io) 

; 


Level Detector Filter Voltage, Pin 4, | 0 signal 1.7 Vdc 
200 mVRMS Signal 2.5 
Lock Detector Filter Voltage, Pin 10 In Lock 
Out of Lock 


Force to Monaural, Pin 9, Pull Down for Monaural Mode 


Force to Monaural, Pin 9, Pull Up for Automatic Mode 


FIGURE 2 — BASIC QUADRATURE AM (QUAM) . FIGURE 3 — MOTOROLA CQUAM® 


Envelope is 
compatible 
with existing 
monaural 
receivers. 


14+L+R  V(1+L+R)2 + (L—R)2 = Envelope _ (1+L+R)cosé 1+L+R 


Avg. Envelope amplitude 

Carrier is not a correct Carrier — 
sum signal for 
envelope detection. (L—R)cosé@ 


The purchase of the Motorola CQUAM® AM Stereo Decoder does not carry with such purchase any license by implication, estoppel or otherwise, 
‘under any patent rights of Motorola or others covering any combination of this decoder with other elements including use in a radio receiver. Upon 
application by an interested party, licenses are available from Motorola on its patents applicable to AM Stereo radio receivers. 
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FIGURE 4 — BLOCK DIAGRAM 


0.0033 


0.0033 


Vcc 


Crystal 


Ps 


See Text 
and Figures| $ C2 Cs 


5,6and7 LJ —— je 


0.001 


0.0033 


10 uF 
al 104 


i 


Optional 
O AGC 
To Tuner 


L, Audio 
R ‘ Outputs 
Note 1 


7 
} Matix TY : 


330 2 
LED: 
15 


Vcc 


Stereo 
Indicator 


9 : 
) 
Force To 


Monaural 


- Note 1: Output polarity is 
defined for receiver front 
end with L.O. above signal 
frequency. 


MOTOROLA CQUAM® — COMPATIBLE 
QUADRATURE AM STEREO 


INTRODUCTION . 

In CQUAM®,. conventional quadrature amplitude 
modulation has been modified by multiplying each axis 
by cos@ as shown in Figures 2 and 3. The resulting 

_ carrier envelope is 1+L+R, i.e., a correct sum signal 
for monaural receivers and for stereo receivers oper- 
ating in monaural mode. A 25 Hz pilot signal is added 
to the L—R information at a 4% modulation level. 


THE DECODER . 

The MC13020P takes the output of the AM IF amplifier 
and performs the complete CQUAM® decoding func- 
tion. In the absence of a good stereo signal, it produces 
an undegraded monaural output. Note in Figure 4 that 
the L+R information delivered to the output always 
comes from the envelope detector (Env DET). 

The MC13020P decodes the stereo information by 
first converting the COQUAM® signal to QUAM, and then 
‘detecting QUAM. The conversion is accomplished by 
comparing the output of the Env DET and the! DET in 
the Err AMP. This provides the 1/cosé@ correction factor, 
which is then multiplied by the CQUAM® incoming sig- 
nal in the Var Gain block. Thus, the output of the Var 
Gain block is a QUAM signal, which can then be syn- 


chronously detected by conventional means. The | and 
Q detectors are held at 0° and 90° relative demodulation 
angles by reference signals from the phase-locked, 
divided-down VCO. The output of the | DET is 1+L+R, 
with the added benefit (over the Env DET) of being able 
to produce a negative output on strong co-channel or 
noise interference. This is used to tell the Lock circuit 
to go to monaural operation. The output of the Q DET 
is the L—R and pilot information. 7 


THE VCO cae 

The VCO operates at 8 times the IF input frequency, 
which ensures that it is out-of-band, even when a 260 
kHz IF frequency is used. Typically a 450 kHz IF fre- 
quency is used with synthesized front ends. This places 
the VCO at 3.6 MHz, which permits economic crystal 
and ceramic resonators. A crystal VCO is very stable, 
but cannot be pulled very far to follow front-end mis- 
tuning. Pull-in capability of + 100 Hz at 450 kHz is typical, 
and de-Q-ing with a resistor (see Figure 7) can increase 
the range only slightly. Therefore, the crystal approach 
can only be used with very accurate, stable front-ends. 
By comparison, ceramic and L—C VCO circuits offer 
pull-in range in the order of +2.5 kHz (at 450 kHz). Ce- 
ramic devices accurate enough to avoid trimming ad- 


justment can be obtained with a matched capacitor for 


Cs (see Figures 1 and 5). 
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in the PLL filter circuit on Pin 19, C1 is the primary 
factor in setting a loop corner frequency of 8-10 Hz, in- 


tector on Pin 10 goes low, or if the carrier level drops 


-. below the preset threshold. Seven consecutive counts 


lock. An internally controlled fast pull-in is provided. R2 . 


is selected to slightly overdamp the control loop, and 
C2 prevents high frequency instability. 

The Level DET block senses carrier level and provides 
an optional tuner AGC source. It also operates on the 
Q AGC block to provide a constant amplitude of 25 Hz 
pilot at Pin 11, and it delivers information to the pilot 
decoder regarding signal strength. 


PILOT AND CO-CHANNEL FILTERS : 

The Q AGC output drives a low pass filter, made up 
of 400 (2 internal, and 430 0 and 5 uF external. From 
this point, an active 25 Hz band-pass filter is coupled to 


the Pilot Decoder, Pin 14, and another low-pass filter is 


connected to the Co-channel Input, Pin 12. A 2:1 re- 
duction of 25 Hz pilot level to the Pilot Decode circuit 
will cause the system to go monaural, with the com- 
ponents shown. Refer to Figure 8 for the formulas gov- 
erning the active band-pass filter. The co-channel input 
signal contains any low frequency intercarrier beat 
notes, and, at the selected level, prevents the Pilot De- 
code circuit from going into stereo. The co-channel in- 
put, Pin 12, gain can be adjusted by changing the ex- 
ternal 2.7 k resistor. The values shown set the “trip” 
level at about 7% modulation. The 25 Hz pilot signal at 
the output of the active filter is opposite in phase to the 


pilot signal coming from the second low-pass filter. The 


100 k resistor from Pin 14 to Pin 12 causes the pilot to 
be cancelled at the co-channel input. This allows a more 
sensitive setting of the co-channel trip level. 


THE PILOT DECODER | 

The Pilot Decoder has two modes of operation. When 
signal conditions are good, the decoder will switch to 
stereo after 7 consecutive cycles of the 25 Hz pilot tone. 
When signal conditions are bad, the detected interfer- 
ence changes the pilot counter so as to require 37 con- 
secutive cycles of pilot to go to stereo. In a frequency 
synthesized radio, the logic that mutes the audio when 
tuning can be connected to Pin 9. When this pin is held 
low it holds the decoder in monaural mode and switches 
it to the short count. This pin should be held low until 
the synthesizer and decoder have both locked onto a 
new station. A 300 ms delay should be sufficient. If the 
synthesizer logic does not provide sufficient delay, the 
circuit shown in Figure 9 may be added. Once Pin 9 
goes high, the Pilot Decoder starts counting. If no pilot 
is detected for seven consecutive counts, it is assumed 
to be a good monaural station and the decoder is 
switched to the long count. This reduces the possibility 
of false stereo triggering due to signal level fluctuation 
or noise. If the PLL goes out of lock, or interference is 
detected by the co-channel protection circuit before 
seven cycles are counted, the decoder goes into the 
long count mode. Each disturbance will reset the 
counter to zero. The Level Detector will keep the decoder 
from going into stereo if the IF input level drops 10 dB, 
but will not change the operation of the pilot counter. 

Once the decoder has gone into the stereo mode, it 
will go instantly back to monaural if either the lock de- 


of no pilot will also put the decoder in monaural. In 
stereo, the co-channel input is disabled, and co-channel 
or other noise is detected by negative excursions of the 
| DET, as mentioned earlier. When these excursions 
reach a level caused by approximately 20% modulation 
of co-channel, the lock detector puts the system in mon- 
aural, even though the PLL may still actually be locked. 
This higher level of co-channel tolerance provides the 
hysteresis to prevent chattering in and out of stereo on 
a marginal signal. . 

When all inputs to the Pilot Decode block are correct, 
and it has completed its count, it turns on the Switch, 
sending the L—R to the Matrix, and switches the pilot 
lamp pin to a low impedance to ground. 


SUMMARY 

It should be noted that in CQUAM®, with both chan- 
nels AM modulated, the noise increase in stereo is a 
maximum of 3.0 dB, less on program material. There- 
fore, this is not the major concern in the choice of mon- 
aural to stereo switching point as it was in FM, and 
blend is not needed. 


PIN DESCRIPTIONS 


Pin 1, 2 — Detector Filters, Royt = 4.3 k, recommend 
0.0033 uF to Vcc to filter 450 kHz compo- 


nents. 
Pin3 — IF Signal Input | 
Pin4 — Level Detector filter pin, Royt = 8.2 k, 10 uF 
to ground sets the AGC time constant. High 
impedance output, needs buffer. 
Pin5 — Error Amp compensation to stabilize the Var 
Gain feedback loop 
Pin6 — Vcc, 6-12 Vdc, suitable for low Vpatt au- 
tomotive operation, but must be protected 
from “high line” condition. 
Pin 7,8 — Left and Right Outputs, NPN emitter followers 
Pin 9 — Forced Monaural, MOS or TTL controllable 
Pin 10 — Lock detector filter, Royt = 27 k, recom- 
mend 2.2 uF to ground. 
Pin 11 — AGC’d QO output, NPN emitter follower with 
400 © from emitter to Pin 11 
Pin 12 — Co-channel Input, 2.0 k series in and 47 k 
feedback 
Pin 13 — Pilot Filter Input to op amp, see Figure 8 
Pin 14 — Pilot Decode Input (op amp output) emitter 
follower, Royt = 100 2 
Pin 15 — Stereo Lamp, open-collector of an NPN 
_ common emitter stage, can sink 50 mA, Vsat 
= 0.3 V at5.0 mA 
Pin 16 — Ground | 
Pin 17. — Oscillator input, Rj, = 10 k, do not de con- 
| nect to Pin 18 or ground 
Pin 18 — Oscillator feedback, NPN emitter, Royt = 
100 © 
Pin 19 — Phase Detector Output, current source to 
filter . 
Pin 20. — Detector Filter, Royt = 4.3 k, recommend 


0.0033 uF to Vcc to filter 450 kHz 
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FIGURE 5 — CERAMIC VCO FIGURE 6 — L-—C VCO 


560 
0.0033} 9.01 


PIN 19 VOLTAGE (VOLTS) 


~ 446 447 448 449 450 451 452 453 454 , 446 447 448 449 450 451 452 453 454 
VCO + 8 FREQUENCY (kHz) . VCO + 8 FREQUENCY (kHz) 
FIGURE 7 — CRYSTAL VCO FIGURE 8 — ACTIVE BAND-PASS FILTER 


wn 
ar 
(@) 
= 
= Ra 
8 Vin 
= Rb 
> 
— 
a 
= 
ro) 
S 
7 Q 
449,90 449.95 450.00 450.05 450.10 Ro = mfg C 
VCO + 8 FREQUENCY (kHz) Re 
Ra = 9 Ao 
Ra Re 
FIGURE 9 — FORCED MONAURAL Rb =F02R,— Ro 
OPTIONAL DELAY CIRCUIT alc 
where: 


fo = center frequency 
Ao = gain at fo 
Q < 10 


Choose values for Fo, Ag, Q, and 
convenient C, solve for 
resistors 

In this application: 
fo = 25 Hz Ra = 5.6 k 


Ao = 20 Rb = 910 
Q = 8.2 Ro = 220k 
C = 0.47 uF 
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| FM IF AMPLIFIER, 
FM IF AMPLIFIER, LIMITER AND DETECTOR LIMITER, FM DETECTOR 
_- | | AND 
AUDIO PREAMPLIFIER 


An integrated circuit specifically designed for use in the sound 
section of TV receivers and the FM/IF portion of radio receivers. SILICON MONOLITHIC 
The TBA120C is pin for pin and function compatible with the | INTEGRATED CIRCUIT 
proelectron type TBA120S but includes an improved dc volume 
control, which makes ‘‘grouping”’ or selection unnecessary. 


e Excellent 3.0 dB Limiting 

@ High A.M. Rejection 

e Wide Supply Voltage Range 

e Auxiliary Zener Diode & Transistor 

@ Minimum Number of External Components Required 


PLASTIC PACKAGE 
CASE 646-05 


CIRCUIT SCHEMATIC 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted) 


po Rating | ate | nit 
Power Supply Voltage 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above Ta = +25°C 5.0 


Operating Temperature Range 
Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc = 12 V, R = 20k, Test circuit: Figure 1) 


Audio Output (fg = 5.5 MHz, Af = 50 kHz, Q = 45) 
Audio Output (fg = 10.7 MHz, Af = 75 kHz, Q = 35) 
3.0. dB Limiting (fg = 5.5 MHz, Af = 50 kHz, Q = 45) 
3.0 dB Limiting (fg = 10.7 MHz, Af = 75 kHz, Q = 35) 


A.M. Rejection (fg = 5.5 MHz, RF Input: 500 1V) | 45 fll 
A.M. Rejection (fp = 10.7 MHz, RF Input: 500 xv) a oe ae 


Volume Control Range 
Output Impedance 


ELECTRICAL CHARACTERISTICS OF AUXILIARY Z DIODE AND TRANSISTOR 045 (Ta = +25”) 


| Characteristic Min 
Z-Voltage @ 5.0 mA (Pin 12) 
13 


Z-Resistance (Pin 12) @ 1.0 kHz, 5.0 mA 
Q45 Breakdown Voltage VcEO os . 


Q45 Current Gain @ Ic = 1.0 mA, VcgE = 5.0 V 
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FIGURE 1 — TEST CIRCUIT 


COMPONENT VALUES: 


L Cy 0] 


5.5 MHz 0.55 wH 1.5nF 45 
6.0 MHz 0.55 pH 1.2nF 45 
10.7 MHz 2.2 4H 100pF 35 


C2 = 0.022 pF, together with the integrated resistor of 
2.6 kQ (Pin 8) gives the deemphasis and can be reduced 
if required. For stereo 470 pF should be used to provide 
H.F. decoupling. 


FIGURE 2 — AUDIO OUTPUT AND S/N versus FIGURE 3 — AUDIO OUTPUT AND S/N versus 
INPUT SIGNAL LEVEL AT 5.5 AND 6.0 MHz | INPUT SIGNAL LEVEL AT 10.7 MHz 


SEE TO ve Hn GeaNt 
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10 pV 100 nV 1.0 mV 10 mV 100 mV 10 pV 100 nV 1.0 mV 10 mV 100 mV 
RF INPUT RF INPUT 
FIGURE 4 — A.M. REJECTION versus INPUT FIGURE 5 — A.M. REJECTION versus INPUT 
SIGNAL LEVEL AT 5.5 AND 6.0 MHz SIGNAL LEVEL AT 10.7 MHz 
(30% A.M., 50 kHz F.M.) (30% A.M., 75 kHz FM) 
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OUTPUT VOLTAGE (VOLTS RMS) 
oooeoooeofoo= = = 
ar rTM WF IA DOnt Ooo & 


OUTPUT ATTENUATION (dB) 


FIGURE 6 — OUTPUT VOLTAGE versus 
SUPPLY VOLTAGE 
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FIGURE 8 — OUTPUT SIGNAL ATTENUATION 
versus VOLUME CONTROL RESISTANCE 
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FIGURE 10 — AUDIO PREAMPLIFIER TEST CIRCUIT 


Voltage Gain 
Typ 9.0 dB 


T.H.D. + NOISE (%) 


ATTENUATION (dB) 


20k 


FIGURE 7 — T.H.D. + NOISE versus 
ATTENUATION (D.C. VOLUME CONTROL) 
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FIGURE 9 — OUTPUT SIGNAL ATTENUATION 
versus D.C. VOLTAGE AT PIN 5 
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FIGURE 12 — TYPICAL APPLICATION FOR FIGURE 13 — TYPICAL APPLICATION FOR 
5.5 MHz WITH L-C INPUT FILTER 5.5 MHz WITH CERAMIC INPUT FILTER 


FIGURE 14 — TYPICAL APPLICATION FOR 10.7 MHz WITH CERAMIC FILTER 


O0+12V 0+12V +12V Deemphasis mono 22 nF 
1.0 k stereo 470 pF 


42:2 4F Audio 


one nF oe TOKO Output 
TKXC-33733BS 
O 


1.5k 
1.0 nF 


ae = SFW 10.7 mA 
FM Tuner BF 7 
SS 


706 


O 
Optional Volume 
Control (in mono only) 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-162 


(MA) MOTOROLA 


Advance Information 


FM STEREO DEMODULATOR 
DESIGNED FOR USE IN HI-FI STEREO RECEIVERS 
AND CAR RADIOS 


Wide Supply Range: 8 — 16 Vdc 


Excellent Channel Separation Maintained Over Entire Audio 
Frequency Range (Fixed or Adjustable) 


Variable Blend Control 

Low Distortion: 0.3% THD at 2.5 Vp-p Composite Input Signal 

Excellent Rejection of ARI Subcarrier (57 kHz) 

Excellent Rejection of Pilot Tone Harmonics including 114 kHz 

Wide Dynamic Range: 0.5 — 2.5 Vp-p Composite Input Signal 

Up to 6 dB Gain (Monaural) 

Low Output Impedance 

Transient-free Mono/Stereo Switching 

50 dB Supply Ripple Rejection 

Integrated Stereo/Monaural Switch — 100 mA Lamp Driving 
Capability 

Requires No Inductors 


FIGURE 1 — TYPICAL APPLICATION AND TEST CIRCUIT 


+Vcc 
228kHz O O C3. 


‘Monitor R38 220pF 


cs 
0.22uUF Stereo 


1 5 14 9 Mono 


8 
|) Stereo 
LED 


R7 
680 


O O O 
L R +Vec 
Outputs 


G Separation Control 
and 19kHz Output 


TCA4500A 


FM STEREO 
DEMODULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 
CASE 648-05 


PIN FUNCTIONS 
1 — Input 
2 — Preamplifier output 
3 — Left amplifier input 
4 — Left channel output 
5 — Right channel output 
6 — Right amplifier input 
7 — Stereo indicator Lamp 
8 — Ground 
9 — Stereo switch filter 
10 — Stereo switch filter 
11 — 19 kHz output/biend 
12 — Modulator input 
13 — Loop filter 
14 — Loop filter 
15 — Oscillator RC network 
16 —Vec 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS = (Ta = +259C unless otherwise noted) 


Power Supply Voltage | 16 


Power Dissipation (Package limitation) 1800 mw 


| Blend Control Input Voltage (Pin 11) | 10] Volts 


ELECTRICAL CHARACTERISTICS Unless otherwise noted: Vec = +12 Vde, Ta = 25°C, 2.5 Vp-p standard multiplex composite sig- 
nal with L or R channel only modulated at 1.0 kHz and with 10% pilot level, using circuit of Figure 1. 


f 
Optimised on other channel! 40 


THD at 2.5 Vp-p Composite Input Signal 
at 1.5 Vp-p Composite Input Signal 


Signal/Noise Ratio 
RMS 20 Hz - 15 kHz 
Ultrasonic Frequency Rejection 19 kHz 
38 kHz 


Stereo Switch Level (19 kHz input level for lamp ‘’on’’) 12 
Hysteresis 


Quiescent Output Voltage Change with Mono/Stereo Switching 


Stereo Blend Control Voltage (Pin 11) 3 dB Separation 
(see Figure 2) 30 dB Separation 


Minimum Separation (Pin 11 at 0 V) 
Monaural Channel Imbalance (pilot tone off) 
ARI 57 kHz Pilot Tone Influence on THD2 


76 kHz 
114 kHz 
152 kHz 


Capture Range 


Notes: ! See Applications Information and Circuit Description 
2 ARI Test — Input signal: 1.5 Vp-p standard composite signal, 1 kHz modulation added to a CW 50 mVrms signal at 57.3 kHz. 


oul 
< 
SG 


Oo & Oo 
o-=-= nN 


TD — 
olo ® 


in 
ro) ° 
re 
< 
Q 
oO 


~ Oo 
a i | 
: 


Sub-carrier Harmonic Rejection 
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TYPICAL CHARACTERISTICS 


+25°C, Input Signal is Modulated L or R with 10% Pilot Level. (See Fig. 16.) 


+12 V, TA = 


Unless otherwise noted Vcc 


: High Loop Gain Circuit 


—— == - Normal Circuit 


FIGURE 2 — CHANNEL SEPARATION versus 


FIGURE 3 — VcgFREE-RUNNING FREQUENCY 


versus TEMPERATURE 
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FIGURE 5 — SUPPLY RIPPLE REJECTION 


FIGURE 4 — STEREO SWITCH LEVEL versus 


LTAGE 


vo 


versus SUPPLY 


Toy 
TTT T TT TTT), 
TET TTT TTT 
BERGER ERATE) 
TTT TT Ty 
tt TTT 
ETO 
TLE T YT TTT. 
TTT TTT Ty 
LITT TA TITTY, 


(8P) NOILISPSY 3Tdd1y 


CPPPREENT 


CT ETE TTT 
SRRERREBAI) 
att Le 
LTTE RTT 
LILI TTI TY, 


(SWAY) 73A37 LOT 


aay vo fice 


FREQU a CY (kHz) 


FIGURE 7 — CAPTURE and HOLDING RANGE 


FIGURE 6 — THD versus COMPOSITE 
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FIGURE 8 — CHANNEL SEPARATION . 
versus FREQUENCY . FIGURE 9 — THD versus FREQUENCY 
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FIGURE 10 — SYSTEM BLOCK DIAGRAM 
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CIRCUIT DESCRIPTION 


INTRODUCTION 

The TCA4500A is a phase-lock-loop stereo decoder 
which incorporates a variable separation control, and in 
which sensitivity to the third harmonics of both the pilot 
and sub-carrier frequencies has been eliminated by the use 
of appropriate, digitally generated, waveforms!in the phase- 
lock-loop and decoder sections. 

The variable separation control may be operated 
manually, or by a receiver’‘s AGC or S meter signals, to 
provide smooth transitions between monaural and stereo 
reception. It operates only during stereo reception: the 
circuit switches automatically to monaural if the 19 kHz 
pilot tone is absent. 

The elimination. of sensitivity to the third harmonic 
(114 kHz) of the sub-carrier (38 kHz) excludes interference 
from the 100 kHz (European Spacing) spaced side bands 
of adjacent transmitters, while elimination of sensitivity 
to the third harmonic (57 kHz) of the pilot tone (19 kHz) 
excludes interference from the ARI* system employed in 
Europe. 

*Auto Radio Information. 


CIRCUIT OPERATION 

The block diagram of the circuit, shown in Fig. 10, 
consists of three sections: the phase-lock-loop, including 
the digital waveform generator: the stereo switch: and the 
decoder, in which the composite stereo signal is demodu- 
lated and matrixed to separate L and R channels. 

In the phase-lock-loop the internal RC oscillator, 
operating at 228 kHz, feeds a 3 stage Johnson counter, via 
a binary divider, to generate a series of 19 kHz square 
waves. By the use of suitably connected NAND and EX- 
CLUSIVE OR gates, the waveforms shown in Fig. 11, 
which are used to drive the various modulators in the cir- 
cuit, are developed. . 

The use of such drive waveforms produces the modu- 
lating functions also shown in Fig. 11. The usual square- 
waveforms have been replaced in the PLL and decoder 
sections by 3-level forms which contain no third harmonic 
(actually no harmonics which are multiples of 2 or 3 are 
present). This eliminates the frequency translation of 
interference from these bands into the low frequency 
region. Such translation may produce audible components 
in the decoder section from the sidebands of adjacent 
channel FM signals, and may produce phase jitter, and 
consequent intermodulation distortion, in the PLL, from 
the modulated 57 kHz tones of the ARI system. The TCA 
4500A is inherently free from these effects. 

The stereo switch section is of conventional form 
(e.g. MC1310). 

The decoder section consists of a modulator (driven 
by the waveforms shown in Fig. 11) whose outputs are 
the inverted and non-inverted channel difference signals. 
These signals pass to the output amplifiers via the variable 


blend circuit in which they are partially combined , and 
hence mutually attenuated, according to the control 
voltage applied. 

Matrixing occurs at the inputs of the output amplifiers, 
where the unmodified composite signal is added to the 
blended channel difference signals. The stereo separation 
may be progressively reduced from maximum to zero, 
dependent on the blending. The control law has been 
made non-linear, as the major redistribution of sound 
energy occurs at very low separation levels. For monaural, 
or very weak stereo signals, the modulator in the decoder 
section is disactivated by the stereo switch circuit. The 
variable separation control is thus, also, automatically 
disabled. 


FIGURE 11 — DIGITAL WAVEFORM 
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APPLICATION INFORMATION 


GAIN AND DE-EMPHASIS 

The gain and de-emphasis characteristics of the circuit 
are defined by shunt feedback via the external RC networks 
(R3, C6, R4, C7 of Fig. 1) around the output amplifiers. 
The gain is unity when resistors of 5.1 kQ are used. 
Higher gains may be obtained by using networks of the 
form shown in Fig. 12. . 

The resistors R6, R7 are added to correct the output 
quiescent voltage levels which are optimized for R3, R4 = 
5.1 kQ and which would, if uncorrected, become too low 
with higher value resistors. Suitable network values are 
as follows: 


FIGURE 12 — OUTPUT AMPLIFIER FEEDBACK NETWORKS 
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APPLICATION INFORMATION (continued) 


Gain (dB) R3, R4 C6, C7 R6, R7 
0 


5.1kQ 10 nF 15 nF 
3 — 6.8Bk2 6.8 nF 10 nF 47k +10% 
6 10k 4.7nF | 6.8nF 27k +10% 


The maximum output level is 1 Vrms; consequently the 
max. input is limited to 1.4 Vp-p if the gain is set to 6 dB. 


SEPARATION ADJUSTMENT . 

A separation adjustment may be added, as shown 
below, (Fig. 13), to compensate for the receiver’s IF 
characteristics. 


FIGURE 13 — NETWORK PROVIDING 
ADJUSTABLE SEPARATION 


This network reduces the amplification of the channel 
sum signal in the decoder, to compensate the attenua- 
tion of the channel difference signal in the receiver’s IF 
section. The network shown will compensate for up to 2 
dB attenuation at 38 kHz. The decoder gain is, obviously, 
reduced by an amount equal to the compensation required. 
When used as described, the adjustment also corrects the 
inherent separation of the decoder, which may be op- 
timized on one channel. Optimization of both channels 
is possible if separate potentiometers are used to feed 
each output amplifier. 


FIGURE 14 — BLEND CONTROL INPUT CIRCUIT 
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VARIABLE SEPARATION (BLEND) CONTROL AND 
19 kHz OUTPUT 

To retain the 16-pin package, the blend control has 
been combined with the 19 kHz output on pin 11. The 
internal circuit providing this combination is shown in 
Fig.14. 

If pin 11 is left open-circuit, the 19 kHz signal appears 
at a mean dc level of 4 V. The blend circuit is inoperative 
at this level and the decoder provides full separation. The 
19 kHz signal can be used to tune the internal oscillator. 

To reduce the separation, the voltage on pin 11 is 
lowered. At 3.2 V, T2 ceases conduction and the 19 kHz 
signal disappears. 

At 2.3 V, the blend circuit comes into operation and 
the separation decreases according to the curve shown in 
Fig. 15. 


FIGURE 15 — SEPARATION CONTROL VOLTAGE 


FIGURE 16 — OSCILLATOR NETWORK FOR DIRECT 
FREQUENCY MEASUREMENT 


220pF 1% 


Test Point 


10022 


OSCILLATOR TUNING 

- 1f the variable separation facility is not required, pin 11 
is left open-circuit and the 19 kHz signal which then 
appears may be used to indicate the oscillator frequency. 
If the variable separation is used, and the drive circuit pre- 
vents access to the 19 kHz signal, then the oscillator 
frequency must be measured directly. A test point should 
be obtained by modifying the oscillator RC network as 
shown in Fig. 16. . 
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The output is a pulse train of approximately 1.5 Volts 
amplitude. Connecting frequency counters of up to 300 
pF input capacitance produces less than 0.3% change of 
the oscillator frequency, which should be set to 228 kHz. 


HIGH LOOP GAIN COMPONENTS 

For applications demanding operation under low pilot 
level (e.g., car radio) the following component changes to 
Fig. 1 are recommended. 


R1 = 12k C3 = 150 pF 
R2 = 1.5k C4 = 330 nF 
R8 = 330 C5 = 150 nF 
P1 = 10k 


EXTERNAL MONO-STEREO SWITCHING AND 
OSCILLATOR KILLING 

If required, the TCA 4500A can be forced into mono 
mode simply by grounding pin 9 (see Fig. 1). The 228 
kHz oscillator will be automatically killed. 

The conditions governing Mono/Stereo switching on 


pin 9 are the following: 

— Quiescent voltage: +2.3 Vdc 

— Current required to ensure mono operaton (with 100 
mVrms pilot level): 10 uA (from pin 9 to ground) 
Hysteresis: 0.7uA 

— Stereo/mono switching and oscillator killing: less than 
+500 mV 

— Maximum stray capacitance between pin 9 and ground: 
100 pF 


EXTERNAL COMPONENT FUNCTIONS 

P1 — 19 kHz frequency adjustment 

P2 — channel separation adjustment and compensa- 
tion for IF roll-off. 

R3, R6— gain fixing resistors. The values shown in the 
schematic are for unity gain. 

C6, C7— de-emphasis capacitors. Value to give: RC = 
50 us. 


Values shown in Fig. 1 are recommended for applications 
with input level higher than 1.0 Vrms. 


A 
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STEREO SOUND CONTROL SYSTEM 


_ The TCA5550 is a single chip stereo balance, volume, bass and 
treble control circuit designed for use in car radios, TV, and audio 
systems. Simple dc inputs allow the control to be effected by four 
inexpensive potentiometers or a remote control system. The bass 
and treble responses are defined by a single capacitor per control 
per channel. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


® Four High Impedance dc Controls — Vol, Bass, Treble, Balance 


e A Single External Capacitor Defines Each Tone Control 
Characteristic 


Low Distortion, 0.1% at Nominal Input Level, 10 dB Gain with 
the Tone Controls Flat . 


Channel Separation Better Than 45 dB 

Wide Power Supply Tolerance, 8.5 to 18 Vdc 

+ 14 dB of Tone Control 

More Than 75 dB of Volume Control . 

Wide Dynamic Range: 100 mV to 500 mV(RMS) Input Signal 
Low Output Impedance 


PLASTIC PACKAGE 
CASE 707-02 


FIGURE 1 — BLOCK DIAGRAM 


bose Vol/Bal O——O Output 
O O Volume 
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MAXIMUM RATINGS (Ta = + 25°C) 
| Rating |e 
Power Dissipation (Package Limitation) Ee mW 
Derate above Ta = +25°C mWw/°C 


Storage Temperature Range —65 to +150 
Regulator Current, Pin 5 ic Oe al 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 12 Vdc) 


(With Reduced Gain)? 


Input Impedance 
Output Impedance 


Tone Control Range (at 70 Hz & 10 kHz)2 
With Pins 3&4 @O0V 
With Pins 3&4 @2.0V 
With Pins 3&4@4.0V 


‘Balance Control Range Min Gain 
(Constant Power Law) Max Gain 
Voltage on Pin 6 for Balanced Gain 


Supply Voltage | — | 6 | Voc | 
Supply Current (@ Min Gain) mA 
(@ Max Gain) 
Regulated Output V 
Voltage’ oe 
Input Levels (@ Max Gain) Led 


Volume Control Range 
With Pin7 @0V 

With Pin 7 @ 2.5 V 
With Pin 7 @ 5.0 V 


[Controinput curents——SOCSC~“*‘“~*“‘~S*S*‘—dTCi TP 
a 


Distortion (at 1.0 kHz) at 300 mV (RMS) Output3 eee ee ea a 

Signal : Noise Ratio 70 
50 Hz to 15 kHz, 10 dB Gain, Tone Controls Flat 

Noise Level pV (RMS) 
50 Hz to 15 kHz, Min Gain 

NOTES: 

1. The control potentiometers should be connected to this point, see Figure 5. 

2. These figures are functions of the capacitors on Pins 1, 9, 10, 11, 17 & 18. See the application diagram, Figure 5. 

3. The input level may be increased to 500 mV (RMS) but the user controls must be adjusted to ensure that the output level does not exceed 300 
mV (RMS), to avoid distortion. 2 
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FIGURE 2 — TONE CONTROLS 
MAX BOOST, CUT/CONTROL VOLTAGE 


10 dB/Volt 


~ VCNS5 
1.0 Where V5 = 5.0 V (Loaded) 


FIGURE 3 — TREBLE CONTROL LAW 


Gai _ 1+j(1 — a) oR 
ain = 4 +jawCR 
Where R = 2.4 kQ (on chip) 
and C = C Pins 11 & 17 
When a = 0.1 = Max Treble Boost 
When a = 0.8 = Max Treble Cut 


(1 — a)wCR = 1 


FIGURE 4 — BASS CONTROL LAW 


Where R = 4.0 kQ (on chip) 
and C = C Pins 1&9 


When a = 0.1 = Max Bass Boost 
When a = 0.8 = Max Bass Cut 
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FIGURE 5 — APPLICATION CIRCUIT 
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TV SOUND SYSTEM 


TV SOUND SYSTEM 


The TDA3190P 4.2-watt sound system is designed for television 
and related applications. The TDA1190P is a low-power version. 
Functions performed by these devices include: IF Limiting, IF am- 
plifier, low pass filter, FM detector, DC volume control, audio 
preamplifier, and audio power amplifier. 


e 4.2 Watts Output Power — TDA3190P 
(Vcc = 24V, RL = 16) 


e 1.3 Watts Output Power — TDA1190P 
(Vcc = 18V, Rp = 329) | 


@ Linear Volume Control 

@ High AM Rejection 

@ Low Harmonic Distortion 
@ High Sensitivity 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


BLOCK DIAGRAM 


IF Input [1 16[[] Deemphasis i 


Decoupting 2 15() Ripple Rejection 


Regulated Decoupling 3 1419 Supply Voltage 


Power Power 
Supply Amplifier 


} Ground 


Phase Shift [76 11) Output 
Phase Shift [7 101°] Compensation 


DC Volume 9 a Gain 
Low-Pass fa FM . Control 


Filter Detector 


DC 


ek Volume 
Amplifier Eanes PLASTIC PACKAGE 
CASE 648C-01 


ORDERING INFORMATION 


Temperature Range 
Oto +75°C 
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MAXIMUM RATINGS 


| Rating Symbol | TDA3190P | TDA1190P 
Supply Voltage Range 9.01028 | 9.0 to 22 


he nha ta te 
1.5 


Characteristic 


Quiescent Output Voltage (Pin 11) 
Vcc = 24V TDA3190P 
Vcc = 18V TDA1190P 
Vcc = 12V Both 


Quiescent Drain Current 
(P1 = 22 kQ) 

Vcc = 24V TDA3190P 

Vcc = 18V TDA1190P 

Vcc = 12 V Both 


Output Power 
(d = 10%, fr, = 400 Hz) 


Vcc = 24V, RL = 160 TDA3190P 
Vec = 12 V, RE = 8.00 TDA3190P 
Vcc = 18V, RL = 329 TDA1190P 
Vec = 12V, RL = 160 TDA1190P 
(d = 2%, fr = 400 Hz) 
Vcc = 24V, RL = 169 TDA3190P 
Vcc = 12 V, RL = 8.09 TDA3190P 
Vcc = 18V, RL = 320 TDA1190P 


Vcc = 12 V, Rp = 160 


Input Limiting Threshold Volts (—3.0 dB) at Pin 1 
Af = +7.5 kHz, fr, = 400 Hz, Set P1 for 2.0 Vrms on Pin 11 

TDA3190P 

TDA1190P 


TDA1190P 


Distortion 


(Po = 50 mW, fm = 400 Hz, Af = +7.5 kHz) 
Vcc = 24V, RL = 160 TDA3190P 
Vcc = 18V, RL = 320 TDA1190P 


Vcc = 12 V, RL = 160 Both 


Frequency Response of Audio Amplifier (—3.0 dB) 

(RL = 16 ©, C19 = 120 pF, C12 = 470 pF, Py = 22 kX) 
R¢ = 820 
R¢ = 470 


Recovered Audio Voltage (Pin 16) 
(Vj = 1.0 mV, fry = 400 Hz, Af = +7.5 kHz, Py = 0) 
Amplitude Modulation Rejection 
(V} = 1.0 mV, frp = 400 Hz, m = 30%) 
Signal and Noise to Noise Ratio 

(Vj = 1.0 mV, Vo = 4.0 V, fry, = 400 Hz) 
Input Resistance (Pin 1) 

(Vj = 1.0 mV) 
Input Capacitance (Pin 1) 
(Vj = 1.0 mV) 


DC Volume Control Attenuation 
(P1 = 12 kQ) 
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TEST CIRCUIT 


c C12 C10 ee OVec 
9.0 pF 470 pF 120 pF 100 nF >= Feta 
_L 1. 100 uF/35 V 


ci1 
1000 WF/16 V 


c5 


50 wF/16 V 


C4 
47 nF . 50 uF/16 V 


*RC = 75 us 
TDA3190P | TDA1190P 


12 | 24 | 12] 18 |V 
8 | 16 16} 32 | 
82 | 47 | 150] 82 | 


Regulated 
Power 
Supply 


Low-Pass a FM 
Filter Detector 


Input : 
0 Ceramic e 
Filter 


O 
2 


DC 
Volume 
Control 


ae 
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TV COLOR PROCESSOR 


These devices will accept a PAL or NTSC composite video signal 
and output the three color signals, needing only a simple driver 
amplifier to interface to the picture tube. The provision of high 
bandwidth on-screen display inputs makes them suitable for text 
display, TV games, cameras, etc. The TDA3301 differs from the 
TDA3303 in its user control laws, and also a phase shift control 
which operates in PAL, as well as NTSC. 


@ Automatic Black Level Setup 

Beam Current Limiting 

Uses Inexpensive 4.43/3.58 MHz Crystal 
No Oscillator Adjustment Required 

Three OSD Inputs Plus Fast Blanking Input 
Four DC, High Impedance User Controls 
Interfaces with TDA3030B SECAM Adaptor 
Single 12 V Supply 

Low Dissipation, Typically 600 mW 


TDA3301 
TDA3303 


TV COLOR PROCESSOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711-03 


FIGURE 1 — PIN ASSIGNMENT 


Chroma Input 

ACC Capacitor 

Chroma DL Driver, Emitter 
Chroma DL Driver, Collector 


Saturation Control 


Identification Capacitor 


V Input 

U Input 

90° Loop Capacitor 

Oscillator Loop Filter 

Crystal Drive 

Crystal Feedback 

Ground 

Blue Output 

Blue Output Clamp Capacitor 
Blue Output Feedback 

Green Output 

Green Output Clamp Capacitor 
Green Output Feedback 

Red Output 


Hue Control/NTSC Switch 
+12 V 

Ground 

1.0 V Composite Video Input 
Delayed Luma !nput 

Luma DL Drive and 3.0 Inverted Output . 
Luma Emitter Load 

Luma Collector Load 
Contrast Control 

Black Level Clamp 
Brightness Control 

Peak Beam Limit Adjust 
Frame Pulse Input 
Sandcastle Pulse Input 

OSD Input Green 

OSD Input Red 

OSD Input Blue 

OSD Input Fast Blanking 
Red Output Feedback 

Red Output Clamp Capacitor 
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MAXIMUM RATINGS (T, = + 25°C unless otherwise stated) 


Supply Voltage a ee 
Operating Temperature Range Ce eae 
Storage Temperature Range Se ee al 


Characteristic 


Supply Voltage 
Supply Current 


Composite Video Input 
Video Input Resistance 
Video Gain to Pin 35 

Input Window 


Chroma Input (Burst) 
input Resistance 
ACC Effectiveness 


OSD Input 
OSD Drive Impedance 

OSD Frequency Response (-—3.0 dB) 
OSD Max Gain 

Gain Difference Between Any Two 


Beam Current Ref. Threshold 
Differential Voltage 
Beam Current Ref. Input Current 
Differential Current 


16,19,22 


Luminance Gain Between Pin 36 and Outputs (depends on 
R33 and R3q) 

Luminance Bandwidth (—3.0 dB) 

Output Resistance 

Residual Carrier (4.43 Mc/s) 

PAL Offset (H/2) 

Difference in Gain Between Y Input and any RGB o/p 


U Input Sensitivity for 5.0 V Blue Output ae ee ee ee 


14,17,20 


Matrix Error 


Oscillator Capture Range 
U Ref. Phase Error 
V Ref. Phase Error 
Color Kill Attenuation 


OSD Contrast Tracking 


OSD Enable Slice Level | 23 | 


Sandcastle Slice Level 
Burst Gate 
Line Blanking 
R input V27 > 7.0 V 
V27 < 7.0V 


Frame Slice Level 
R Input 
Peak Beam Limiter Threshold 4.6 x log 
(lg9g Min = 250 pA) 


Pin 29 Input Resistance | a a 


Pin 29 Open Circuit Voltage 
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INPUT/OUTPUT FUNCTIONS 


+2.0 FIGURE 2 — BRILLIANCE CONTROL 


‘The brilliance control operates by adding a pedestal 
to the output signals. The amplitude of the pedestal is 
controlled by Pin 30. 


+ 
ron) 


During CRT beam current sampling a standard ped- 
estal is substituted, its value being equivalent to the 
value given by V39 Nom. Brightness at black level with 
V39 Nom is given by the sum of three gun currents at 
the sampling level, i.e. 3 x 20 nA with 100 k reference 
resistors on Pins 16, 19, and 22. 


OUTPUT CHANGE (VOLTS) 
2 
oO 
= 


_ 1.0 During picture blanking the brilliance pedestal is zero; 


therefore the output voltage during blanking is always 
the minimum brilliance black level (Note: Signal chan- 
nels are also gain blanked). 


sa) 
° 
oO 
4 
<= 
a) 
- 


TDA3301 


0 1.0 2.0 3.0 4.0 
BRILLIANCE CONTROL (VOLTS) V3o 


FIGURE 3 — SATURATION CONTROL VOLTAGE FIGURE 4 — CONTRAST CONTROL 
Vs (VOLTS) V32 (VOLTS) 


0 1.0 2.0 3.0 4.0 5.0 0 1.0 2.0 3.0 4.0 5.0 


—10 


| 
N 
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TDA3301 
TDA3303 | 


ATTENUATION (dB) 
oo 
oO 


& 
ATTENUATION (dB) 


— 50 


Pin 5 is automatically pulled to ground with a mis- 
identified PAL signal. 

Note: Nominal 100% saturation point is given by Note: Pin 32 is pulled down by the operation of the 
choice of Rg which sets ACC operating point. peak beam limiter. 
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FIGURE 5 — BLOCK DIAGRAM 
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FIGURE 6 — HUE CONTROL 


BURST 
LEAD? (3.58 MHz) The hue control acts only during burst gating to give 
a +40° phase shift between the burst and chrominance 
signal. 

On the TDA3303 Pin 40 is also used to select NTSC 
when V4o < 8.0 V and thus the control will operate only 
in this mode. . 


50- 
40 


30- 
On the TDA3301 NTSC selection is independent of 


tu a0 V4o and the control can be operated in both NTSC and 
o PAL. 
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CIRCUIT OPERATION 

CHROMINANCE DECODER SECTION FIGURE 7 — VOLTAGE CONTROLLED OSCILLATOR (VCO) 


The chrominance decoder section of the TDA3301 
consists of the following blocks: 

Phase-locked reference oscillator — Figures 7, 8 and 9 

Phase-locked 90 degree servo loop — Figures 9 and 10 

U and V axis decoders 

ACC detector and identification detector — Figure 11 

Identification circuits and PAL bistable — Figure 12 CONTROL 

Color difference filters and matrixes with fast blanking 
circuits. 

The major design considerations apart from optimum 
performance were: 

— a minimum number of factory adjustments 

— a minimum number of external components 

— compatibility with the SECAM adapter TDA3030B 

— low dissipation 

— use of a standard 4.433618 MHz Crystal rather than 


VOLTAGE Cc 


VF 


a 2.0 fc Crystal with divider. BIAS = 
REFERENCE REGENERATION FIGURE 8 — VECTOR DIAGRAM FOR VCO 
The crystal VCO is of the phase shift variety in which a=0 alo esa 


the frequency is controlled by varying the phase of the 
feedback. A great deal of care was taken to ensure that 
the oscillator loop gain and the crystal loading imped- 
ance were held constant in order to ensure that the 
circuit functions well with low grade crystal (crystals 
having high magnitude spurious responses can cause 
bad phase jitter). It is also necessary to ensure that the 
gain at third harmonic is low enough to ensure absence 
of oscillation at this frequency. 
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By referring to Figures 7 and 8 it can be seen that the 
necessary + 45° phase shift is obtained by variable ad- 
dition of two currents |4 and Ig which are then fed into 
the load resistance of the crystal tuned circuit Rj. Feed- 
back is taken from the crystal load capacitance which 
gives a voltage VF lagging the crystal current by 90°. 

The RC network in T collector causes |; to lag the 
collector current of T1 by 45°. | 

For SECAM operation the currents | and lg are added 
together in a fixed ratio giving a frequency close to 
nominal. 

When decoding PAL there are two departures from 
normal chroma reference regeneration practice: 

a) The loop is locked to the burst entering from the 
PAL delay line matrix U channel and hence there 
is no alternating component. A small improvement 
in signal noise ratio is gained but more important 


is that the loop filter is not compromised by the 7.8 
kHz component normally required at this point for 
PAL identification. 

b) The H/2 switching of the oscillator phase is carried 
out before the phase detector. This implies any 
error signal from the phase detector is a signal at 
7.8 kHz and not dc. A commutator at the phase 
detector output also driven from the PAL bistable 

- converts this ac signal to a dc prior to the loop 
filter. The purpose of this is that constant offsets 
in the phase detector are converted by the com- 
mutator to a signal at 7.8 kHz which is integrated 
to zero and does not give a phase error. 


When used for decoding NTSC the bistable is inhib- 


ited, and slightly less accurate phasing is achieved; 
however, as a hue control is used on NTSC this cannot 
be considered to be a serious disadvantage. 


FIGURE 9 — BLOCK DIAGRAM OF REFERENCE SECTION 


V Axis 
90° 
¢ Det 
U 
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From Burst 
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90° REFERENCE GENERATION 

To generate the U axis reference a variable all-pass 
network is utilized in a servo loop. The output of the all- 
pass network is compared with the oscillator output 
with a phase detector of which the output is filtered and 
corrects the operating point of the variable all-pass net- 
work (see Figure 10). 

As with the reference loop the oscillator signal is taken 
after the H/2 phase switch and a commutator inserted 
before the filter so that constant phase detector errors 
are cancelled. 


U Axis 


H/2 90° ¢ 
Com Shifter 


we «= ©) 


Filter 
H/2 
Switch 
H/2 


H/2 
Comm VCO 
(10) Filter 


For SECAM operation the loop filter is grounded caus- 
ing near zero phase shift so that the two synchronous 
detectors work in phase and not in quadrature. 


The use of a 4.4 MHz oscillator and a servo loop to 
generate the required 90° reference signal allows the 
use of a standard, high volume, low cost crystal and 
gives an extremely accurate 90° which may be easily 
switched to 0° for decoding AM SECAM generated by 
the TDA3030B adapter. 
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FIGURE 10 — VARIABLE ALL-PASS NETWORK 
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FIGURE 11 — ACC AND IDENTIFICATION DETECTORS 
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ACC AND IDENTIFICATION DETECTORS. 

During burst gate time the output components of the 
U and also the V demodulators are steered into PNP 
emitters. One collector current of each PNP pair is mir- 
rored and balanced ‘against its twin giving push-pull 
current sources for driving the ACC and the identifica- 
tion filter capacitors. 

The identification detector is given an internal offset 
by making the NPN current mirror emitter resistors un- 


equal. The resistors are offset by 5% such that the iden-- 


tification detector pulls up on its filter capacitor with 
zero signal. 


IDENTIFICATION 
See Figure 12 for definitions. 
Monochrome. 14>I9 
PAL ident. OK 14<Il9 
PAL ident. X = I4>19 
NTSC I3>I9 


Only for correctly identified PAL signal is the capacitor 
voltage held low since lg is then greater than Ij. 

For monochrome and incorrectly identified PAL sig- 
nals |4>12 hence voltage Vcc rises with each burst gate 
pulse. 

When Vref is exceeded by 0.7 V latch 1 is made con- 
ducting which increases rate of voltage rise on C. Max- 
imum current is limited by Rj. 


When Vref 2 is exceeded by 0.7 V then latch 2 is made 


‘conducting until C is completely discharged and the 


current drops to a value insufficient to hold on latch 2. 

As latch 2 turns on latch 1 must turn off. 

Latch 2 turning on gives extra trigger pulse to bistable 
to correct identification. 

The inhibit line on latch 2 restricts latch 2 conduction 
to alternate lines as controlled by the bistable. This func- 
tion allows the SECAM switching line to inhibit the bi- 
stable operation by firing latch 2 in the correct phase 
for SECAM. For NTSC latch 2 is fired by current injected 
on Pin 6. 

If the voltage on C is greater than 1.4 V then the sat- 
uration is held down. Only for SECAM/NTSC with latch 
2 on or correctly identified PAL can the saturation con- 
trol be anywhere but minimum. 


NTSC SWITCH 

NTSC operation is selected when current (13) is in- 
jected into Pin 6. 

On the TDA3301 this current must be derived exter- 
nally by connecting Pin 6 to + 12 V via a resistor (as on 
TDA3300B). 

On the TDA3303 I3 is supplied internally when Vag 
falls below 8.0 V;. 

For normal PAL operation on both versions Pin 40 
should be connected to +12 V and Pin 6 to the filter 
capacitor. 


FIGURE 12 — IDENTIFICATION CIRCUIT 
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COLOR DIFFERENCE MATRIXING, COLOR KILLING, 
AND CHROMA BLANKING 

During picture time the two demodulators feed sim- 
ple RC filters with emitter follower outputs. Color killing 
and blanking is performed by lifting these outputs to a 
voltage above the maximum value that the color dif- 
ference signal could supply. 


The color difference matrixing is performed by 2 dif- 
ferential amplifiers each with one side split to give the 
correct values of the —(B-Y) and —(R-Y) signals. These 
are added to give the (G-Y) signal. 

The 3 color difference signals are then taken to the 
virtual earths of the video output stages together with 
luminance signal. 


FIGURE 13 — COLOR DIFFERENCE STAGES 
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SANDCASTLE SELECTION 


The TDA3301/3303 may be used with a two level sand- 
castle and a separate frame pulse to Pin 28, or with only 
a 3 level (super) sandcastle. In the latter case a resistor 
of 1 MQ is necessary from +12 volts to Pin 28 and a 
470 pF capacitor from Pin 28 to ground. 
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FIGURE 14 — TIMING DIAGRAM 
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TIMING COUNTER FOR SAMPLE CONTROL 

In order to control the beam current sampling at the 
beginning of each frame scan two edge triggered flip- 
flops are used. 


The output A of the first flip-flop A is used to clock 
the second flip-flop B. Clocking of A by the burst gate 
is inhibited by a count of A.B. 


The count sequence can only by initiated by the trail- 


ing edge of the frame pulse. In order to provide control 
signals for: 

Luma/Chroma blanking, 

Beam current sampling, 

On-screen display blanking, . 

Brilliance control. > , 

The appropriate flip-flop outputs are matrixed with 


sandcastle and frame signals by an emitter follower — 


matrix. 


FIGURE 15 — TIMING COUNTER 
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ON-SCREEN DISPLAY INPUTS 

Each section of the OSD stages consists of acommon 
emitter input stage feeding a diversion gate controlled 
by the contrast control. During burst gate time a feed- 
back loop is activated which clamps the signal at the 


input coupling capacitor. This ensures that the current 
in the diversion gate is zero at black level and makes 
the OSD black level insensitive to contrast control, also 
the inputs ignore signals below black, e.g. sync, pulses. 


FIGURE 16 — OSD STAGE 
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FIGURE 17 — VIDEO OUTPUT SECTION 


Each video output stage consists of a feedback am- A further drive current is used to control the dc op- 
plifier in which the input signal is a current drive to the erating point; this is derived from the sample and hold 
virtual earth from the luminance, color difference and stage which samples the beam current after frame 
on-screen display stages. flyback. 
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FIGURE 18 — COMPLETE VIDEO OUTPUT SECTIONS 
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FIGURE 19 — TYPICAL VIDEO OUTPUT STAGE 
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FIGURE 20 — CLASS A VIDEO OUTPUT STAGE WITH DIRECT FEEDBACK 
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FIGURE 21 — TYPICAL PAL APPLICATION 
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Tv COLOR PROCESSOR 


TV COLOR PROCESSOR 


SILICON MONOLITHIC 


This device will accept a PAL or NTSC composite video signal INTEGRATED CIRCUIT 


and output the three color signals, needing only a simple driver 
amplifier to interface to the picture tube. 

Its simplified approach makes it particularly suitable for low 
cost CTV systems. 


@ No Oscillator Adjustment Required 


@ Four dc High Impedance User Controls 

@ Uses Inexpensive 4.43/3.58 MHz Crystals 

@ Interfaces With TDA3030B SECAM Adaptor 

e@ Uses Horizontal Flyback or Super Sandcastle Pulse 
® Single 12 V Supply 


Tee ee P SUFFIX 
@ Low Dissipation 


PLASTIC PACKAGE 
CASE 724-02 


FIGURE 1 — PIN ASSIGNMENT 
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This document contains information on a new product. Specifications and information herein 
are subject to change without notice. ; 
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FIGURE 2 — BLOCK DIAGRAM AND PAL APPLICATION 
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FIGURE 3 — NTSC APPLICATION 
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TV COLOR DIFFERENCE DEMODULATOR TV COLOR DIFFERENCE 
DEMODULATOR 


This device is designed to demodulate a typical chroma input 
signal and output the two color difference signals, R— Y and B— Y. SILICON MONOLITHIC 
e@ Decodes PAL or NTSC INTEGRATED CIRCUIT 


e Uses Inexpensive 4.43/3.58 MHz Crystal 

@ No Oscillator Adjustment Required 
On-Chip Hue Control for NTSC 
Interfaces with TDA3030B SECAM Adaptor 
Single 12 V Supply 
Low Dissipation 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707-02 


FIGURE 1 — PIN ASSIGNMENT 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise stated) 


Supply Voltage ee ee 
Operating Temperature Range ee ee ee 
| if 88 to +150) 


Storage Temperature Range 


. Characteristic 
Supply Voltage 


Chroma Input 
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. . R-Y 

DC Output — B-Y 
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FIGURE 2 — BLOCK DIAGRAM 
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Burst Phase (Degrees) 


FIGURE 3 — SATURATION CONTROL VOLTAGE 
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FIGURE 4 — HUE CONTROL 
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Note: Hue control acts only during burst gating with 
V15<8 Volts. 


This condition also selects NTSC mode 
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CIRCUIT OPERATION 


CHROMINANCE DECODER SECTION 

The chrominance decoder consists of the following 
blocks: 

Phase-locked reference oscillator — Figures 5, 6, 
and 7 

Phase-locked 90 degree servo loop — Figures 7 
and 8 

U and V axis decoders 

ACC detector and identification detector — Figure 9 

Identification circuits and PAL bistable — Figure 10 

Color difference filters and matrixes with fast blanking 
circuits. 

The major design considerations apart from optimum 
performance were: 

—a minimum number of factory adjustments 

— a minimum number of external components 

— compatibility with the SECAM adapter TDA3030B 

— low dissipation 

— use of a standard 4.433618 MHz Crystal rather than 

a 2.0 fc Crystal with divider. 


REFERENCE REGENERATION 

The Crystal VCO is of the phase shift variety in which 
the frequency is controlled by varying the phase of the 
feedback. A great deal of care was taken to ensure that 
the oscillator loop gain and the Crystal loading imped- 
ance were held constant in order to ensure that the 
circuit functions well with low grade Crystals (Crystals 
having high magnitude spurious responses can cause 
bad phase jitter). It is also necessary to ensure that the 
gain at third harmonic is low enough to ensure absence 
of oscillation at this frequency. 


By referring to Figures 5 and 6 it can be seen that the 
necessary + 45° phase shift is obtained by variable ad- 
dition of two currents I4 and |g which are then fed into 
the load resistance of the Crystal tuned circuit R7. Feed- 
back is taken from the Crystal load capacitance which 
gives a voltage VF lagging the Crystal current by 90°. 


The RC network in T1 collector causes |; to lag the 
collector current of T7 by 45°. 


For SECAM operation the currents Iq and lz are added 
together in a fixed ratio giving a frequency close to 
nominal. 


When decoding PAL there are two departures from 
normal chroma reference regeneration practice: 


a) The loop is locked to the burst entering from the 
PAL delay line matrix U channel and hence there 
is no alternating component. A small improvement 
in signal/noise ratio is gained but more important 


FIGURE 5 — VOLTAGE CONTROLLED OSCILLATOR (VCO) 


+12 V 


Bias 


FIGURE 6 — VECTOR DIAGRAM FOR VCO 


is that the loop filter is not compromised by the 7.8 
kHz component normally required at this point for 
PAL identification. . 

b) The H/2 switching of the oscillator phase is carried 
out before the phase detector. This implies any 
error signal from the phase detector is a signal at 
7.8 kHz and not dc. A commutator at the phase 
detector output also driven from the PAL bistable 
converts this ac signal to a dc prior to the loop 
filter. The purpose of this is that constant offsets 
in the phase detector are converted by the com- 
mutator to a signal at 7.8 kHz which is integrated 
to zero and does not give a phase error. 

When used for decoding NTSC the bistable is inhib- 
ited, and slightly less accurate phasing is achieved; 
however, as a hue control is used on NTSC, this cannot 
be considered to be a serious disadvantage. 
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90° REFERENCE GENERATION 


FIGURE 7 — BLOCK DIAGRAM OF REFERENCE SECTION 
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To generate the U axis reference a variable all-pass 
network is utilized in a servo loop. The output of the all- 
pass network is compared with the oscillator output 
with a phase detector of which the output is filtered and 
corrects the operating point of the varible all-pass net- 
work (see Figure 8). 

As with the reference loop the oscillator signal is taken 
after the H/2 phase switch and a commutator inserted 
before the filter so that constant phase detector errors 
are cancelled. 

For SECAM operation the loop filter is grounded caus- 
ing near zero phase shift so that the two synchronous 
detectors work in phase and not in quadrature. 

The use of a 4.4 MHz oscillator and a servo loop to 
generate the required 90° reference signal allows the 
use of a standard, high volume, low cost crystal and 
gives an extremely accurate 90° which may be easily 
switched to 0° for decoding AM SECAM generated by 
the TDA3030B Adapter. 


ACC AND IDENTIFICATION DETECTORS 

During burst gate time the output components of the 
U and also the V demodulators are steered into PNP 
emitters. One collector current of each PNP pair is mir- 
rored and balanced against its twin giving push-pull 


FIGURE 8 — VARIABLE ALL-PASS NETWORK 
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current sources for driving the ACC and the identifica- 
tion filter capacitors. 

The identification detector is given an internal offset 
by making the NPN current mirror emitter resistors un- 
equal. The resistors are offset by 5% such that the iden- 
tification detector pulls up on its filter capacitor with 
zero signal. 


IDENTIFICATION 
Monochrome 1!4>I2 
PAL ident. OK I4<I9 


PAL ident. X 14>I2 
NTSC Ig>I9 


Only for correctly identified PAL signal is the capacitor 
voltage held low since l9 is then greater than 14. 

For monochrome and incorrectly identified PAL sig- 
nals ly>I2 hence voltage Vc rises with each burst gate 
pulse. 

When Vref is exceeded by 0.7 V latch 1 is made con- 
ducting which increases rate of voltage rise on C. Max- 
imum current is limited by R4. 

When Vref is exceeded by 0.7 V then latch 2 is made 
conducting until C is completely discharged and the 
current drops to a value insufficient to hold on latch 2. 

As latch 2 turns on latch 1 must turn off. . 

Latch 2 turning on gives extra trigger pulse to bistable 
to correct identification. 
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The inhibit line on latch 2 restricts latch 2 conduction - -externally on the filter capacitor. 
to alternate lines as controlled by the bistable. This func- If the voltage on C is greater than 1.4 V then the sat- 
tion allows the SECAM switching line to inhibit the bi- uration is held down. Only for SECAM/NTSC with latch 
stable operation by firing latch 2 in the correct phase 2 on.or correctly. identified PAL can the saturation con- 


for SECAM. For NTSC latch 2 is fired by current injected trol be anywhere but minimum. 


FIGURE 9 — ACC AND IDENTIFICATION DETECTORS 
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MOTOROLA LINEAR/INTERFACE DEVICES. 


10-198 


TDA3333 


COLOR DIFFERENCE MATRIXING, COLOR KILLING, 
AND CHROMA BLANKING | 


During picture time the two demodulators feed sim- The R-Y and B-Y demodulators have equal conversion 
ple RC filters with emitter follower outputs. Color killing gains. The demodulated signals are therefore fed through 
and blanking is performed by lifting these outputs to a differential amplifiers with a gain ratio G (B-Y)/G (R-Y) 
voltage above the maximum value that the color dif- = 1.78 in order to give correctly proportioned B-Y and 
ference signal could supply. R-Y signals at the output. 


FIGURE 11 — COLOR DIFFERENCE STAGES 
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FIGURE 12 — TYPICAL PAL APPLICATION 


O B-Y 
O Sandcastle: 


O R-Y 


A 
A 
a 


4.43 ab 


MHz 
12 soil 


* Optimum values will change with application. 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-200 


(AA) MOTOROLA uA758A 


PHASE LOCK LOOP 


FM STEREO DEMODULATOR PHASE LOCK LOOP 
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PLASTIC PACKAGE. 
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ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


[Rating [Mae Unit 
Supply Voltage (< 15 Seconds) 


(Lamp OFF) 
Junction Temperature 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = +12 Vdc, 19 kHz pilot level = 30 mV(RMS), Multiplex Signal (L = R, pilot OFF) 
= 300 mV(RMS), Modulation Frequency = 400 Hz or 1 kHz, Test Circuit 1, unless otherwise specified) 


Characteristic 


Current Drain 
Lamp OFF 


Maximum Available Lamp Current 


° 
O 


Unit 
mAdc 


y 


no] 


1 


on 
oO 


mAdc 


coat el (ee © 
hn 3 
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a 
re) 


Voltage @ Lamp Driver Terminal 


DC Voltage Shift @ Either Output Terminal 
Stereo to Mono Operation — No Lamp 


an Na 
(@) —s 


100 mVdc 


kO 
kQ 
mV(RMS) 


w 
on 
ol 
io) 


Power Supply Ripple Rejection 
200 Hz, 200 mV(RMS) 


Input Resistance 


DP) 
oO 
Ww 
on 


_ 
Ww 


Output Resistance 


ed 
ro) 


Channel Separation 
100 Hz 
400 Hz 
10 kHz 


Ww 
(oe) 


rs 
(oe) 
elo fh 


1 
Channel Balance 
Voltage Gain 1 
1 kHz 


Pilot Input Level 
Lamp Turn-On 
Lamp Turn-Off 


ud 
3 
20 
Pilot Input Level Hysteresis 
Lamp Turn-Off to Turn-On 


co) 
as 


Capture Range 


Total Harmonic Distortion 
Multiplex Level = 600 mV(RMS) Pilot OFF 


9 kHz Rejection 

38 kHz Rejection 

SCA Rejection (Note 2) 

VCO Tuning Resistance (Note 3) 


© Nino BA 
olon an 
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w 
or 


oO 


oa 


No 
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N Wi hd 


on 
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las 
° 


23.3 


VCO Frequency Drift 
O°C < Ta < 25°C 
25°C < Ta < +70°C 


NOTES: 
1. Rating applied for ambient temperatures. Rg ya = 100°C/W 
2. Measured with a stereo composite signa! consistency of 80% stereo, 10% pilot and 10% SCA as defined in the FCC Rules on Broadcasting 
3. Total resistance fom pin 15 to ground, in test circuit 1, required to set reference frequency at pin 11 to 19 kHz + 10 Hz 
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TYPICAL APPLICATION AND TEST CIRCUIT 


Vcc 


+12V 


0.0025 uF 0.033 pF 
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19 kHz 
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300 


= (TOP VIEW) 


NOTES: 

C4 may be removed for most applications 

C6 Tolerance = +1% in test circuit and +5% in typical 
applications 

R3 Tolerance = +1% 

R4 Tolerance = +10% 

R1 and R2 Tolerances = +1% in test circuit and +5% in 
typical application 
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(AA) MOTOROLA 


ZERO VOLTAGE SWITCHES 


... designed for thyristor control in a variety of ac power switching 
applications for ac input voltages of 24 V, 120 V, 208/230 V, and 
277 V @ 50/60 Hz. 


Applications: 
@ Relay Control @ Heater Control 
@ Valve Control @ Lamp Control 
Synchronous Switching of Flashing Lights 
On-Off Motor Switching 


Differential Comparator With Self-Contained Power Supply for 
Industrial Applications 


Photosensitive Control @ Power One-Shot Control 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 


ae Power 
Limiter 
Supply 


Crossing 


Detector 
O 


DC Mode or 
400 Hz Input 


AC 
Input 
Voltage 


Protection | 
Circuit | 


100 
MF f+ 


On/Off 
Sensing 
Amp 


Inhibit External Trigger 
*NTC Sensor 
NOTE: Shaded Area Not Included With CA3079. 


TABLE A 


AC Input Voltage Input Series Dissipation Rating 
(50/60 Hz) Resistor (Rg) for Rs 


vac Ww 
24 ; 
120 
208/230 
277 


CA3059 
CA3079 


ZERO VOLTAGE SWITCHES 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


PLASTIC PACKAGE 
CASE 646-05 


FUNCTIONAL BLOCK 
DESCRIPTION 


1. Limiter-Power Supply — Allows opera- 
tion of the CA3059/79 directly from an ac line. 
Suggested dropping resistor (Rs) values are 
given in Table A. 

2. Differential On/Off Sensing Amplifier — 
Tests for condition of external sensors or input 
command signals. Proportional control capa- 
bility or hysteresis may be implemented using 
this block. 

3. Zero-Crossing Detector — Synchronizes 
the output pulses to the zero voltage point of 
the ac cycle. This synchronization eliminates 
RFI when used with resistive loads. 

4. Triac Drive — Supplies high-current pulses 
to the external power controlling thyristor. 


5. Protection Circuit (CA3059 only) — A 
built-in circuit may be actuated, if the sensor 
opens or shorts, to remove the drive current 
from the external triac. 

6. Inhibit Capability (CA3059 only) — 
Thyristor firing may be inhibited by the action 
of an internal diode gate at Pin 1. 

7. High Power DC Comparator Operation 
(CA3059 only) — Operation in this mode is 
accomplished by connecting Pin 7 to Pin 12 
(thus overriding the action of the zero-crossing 
detector). When Pin 13 is positive with respect 
to Pin 9, current to the thyristor is continuous. 
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: CA3059, CA3079 


DC Supply Voltage 
(Between Pins 2 and 7 CA3059 
CA3079 


DC Supply Voltage 
(Between Pins 2 and 8) CA3059 
CA3079 


Peak Supply Current (Pins 5 and 7) 


Characteristic Test Circuits |} Symbol | Min | 


DC Supply Voltage Fig. 2 
Inhibit Mode 
Rs = 10k, ly =0 
Rs =50k, 1, =2.0mA 
Pulse Mode ; 
Rg =10k, 1, =0 
Rs =5.0k,R_ =2.0mA 


Gate Trigger Current Fig. 3 
(VGT = 1.0 V, Pins 3 and 2 connected) 


Peak Output Current, Pulsed 
With Internal Power Supply, VGT = 0 
Pin 3 Open 
Pins 3 and 2 Connected 
With External Power Supply, Vcc = 12 V, VGT =O 
Pin 3 Open 
Pins 3 and 2 Connected 


Total Gate Pulse Duration (Cex; = 0) 
Positive dv/dt 
Negative dv/dt 
Pulse Duration After Zero Crossing 
(Cext = 9, RExt =~) 
Positive dv/dt 
Negative dv/dt 


Output Leakage Current Inhibit Mode*** Fig. 3 


Input Bias Current CA3059 ' Fig. 7 
CA3079 


Common Mode Input Voltage Range 
(Pins 9 and 13 Connected) 


Inhibit Input Voltage CA3059 only 
External Trigger Voltage CA3059 only 


*Care must be taken, especially when using an external power supply, that total package dissipation is not exceeded. 


**The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voitages of 24 V, 208/230 V, and 
277 V, except for Pulse Duration test. However, the series resistor (Rs) must have the indicated value, shown in Table A for the specified 
input voltage. 


***Iq out of Pin 4 
2 Von Pin 1 
$1 position 2 
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CA3059, CA3079 


TEST CIRCUITS 


(All resistor values are in ohms) 


FIGURE 3 — PEAK OUTPUT (PULSED) AND 
GATE TRIGGER CURRENT WITH 
FIGURE 2 — DC SUPPLY VOLTAGE INTERNAL POWER SUPPLY 


Pulse 4.6 k 


Oscilloscope 
With 

Vs High-Gain 

Input 


External 
Load 
Current 


FIGURE 4 — PEAK OUTPUT CURRENT (PULSED) 
WITH EXTERNAL POWER SUPPLY 


120 Vrms 
120 Vrms 60 Hz 


60 Hz 
Oscilloscope 


With 
High-Gain 
Input 


100 uF 


FIGURE 6 — GATE PULSE DURATION TEST CIRCUIT 
MEE eee AE WAVED RM FIGURE 7 — INPUT BIAS CURRENT TEST CIRCUIT 


Gate Pulse | enine 
c Lin 


Positive Negative 
dv/dt dv/dt 


Oscilloscope 
With 
High-Gain 
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CA3059, CA3079 


PEAK OUTPUT CURRENT (PULSED) [mA} 


INTERNAL SUPPLY (VOLTS) 


TYPICAL CHARACTERISTICS 


FIGURE 8 — INHIBIT INPUT VOLTAGE TEST 


FIGURE 10 — PEAK OUTPUT CURRENT (PULSED) 
versus AMBIENT TEMPERATURE 


-40 —--20 
aici Sane ee (9C) 


FIGURE 12 — INTERNAL SUPPLY versus 
AMBIENT TEMPERATURE 
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FIGURE 9 — PEAK OUTPUT CURRENT (PULSED) 
versus EXTERNAL POWER SUPPLY VOLTAGE 


Pin 3 irae I [ee ee cone eel Oe ie 
es ke eC 


120 Vrms, 60 Hz 
Gate Voltage = 0 


PEAK OUTPUT CURRENT (PULSED) [mA] 


6.0 7.0 
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FIGURE 11 — TOTAL PULSE WIDTH versus 
AMBIENT TEMPERATURE 
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FIGURE 13 — INHIBIT VOLTAGE RATIO 
versus AMBIENT TEMPERATURE 


INHIBIT VOLTAGE RATIO (V9/V2) 


AMBIENT. TEMPERATURE (°C) 
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FIGURE 14 — CIRCUIT SCHEMATIC - 


Cr + 
100 uF 
isv 
Rs 
Ac Line O O 
Input 5 


O12 O14 

For dc Mode Fail-Safe 
or 400 Hz Input 
‘Operation 


3 Current 
Boost 


4 

OTo 
Thyristor 
Gate 


O7 O 6 

To For 

Common External 
Trigger 


NOTE: Current sources are established by an internal reference. 


Pins 1,6, 12, and 14 are not used with CA3079. 


APPLICATION INFORMATION 


Power Supply 


The CA3059 and CA3079 are self-powered circuits, 
powered from the ac line through an appropriate dropping 
resistor (see Table A). The internal supply is designed to 
power the auxiliary power circuits. 

In applications where more output current from the 
internal supply is required, an external power supply 
of higher voltage should be used. To use an external 
power supply, connect pin 5 and pin 7 together and apply 
the synchronizing voltage to pin 12 and the dc supply 
voltage to pin 2 as shown in Figure 4. 


Operation of Protection Circuit (CA3059 Only) 


The protection circuit, when connected, will remove 
current drive from the triac if an open or shorted sensor 
is detected. This circuit is activated by connecting pin 13 
to pin 14 (see Figure 1). 

The following conditions should be observed when the 
protection circuit is utilized: 

A. The internal supply should be used and the external 

load current must be limited to 2 mA with a 5 kQ 
dropping resistor. 


B. Sensor Resistance (Rx) and Rp values should be 
between 2 k{Q2 and 100 kQQ. 

C. The relationship 0.33 < Ryx/Rp < 3 must be met 
over the anticipated temperature range to prevent 
undesired activation of the circuit. A shunt or series 
resistor may have to be added. 


External Inhibit Function (CA3059 Only) 


A priority inihibit command applied to pin 1 will 
remove current drive from the thyristor. A command of 
at least +1.2 V @ 10 WA is required. A DTL or T2L logic 1 
applied to pin 1 will activate the inhibit function. 


DC Gate Current Mode (CA3059 Only) 


When comparator operation is desired or inductive 
loads are being switched, pins 7 and 12 should be 
connected. This connection disables the zero-crossing 
detector to permit the flow of gate current from the 
differential sensing amplifier on demand. Care should 
be exercised to avoid possible overloading of the internal 
power supply when operating the device in this mode. 
A resistor should be inserted between pin 4 and the 
thyristor gate in order to limit the current. _ 
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MC1422 a ane MOTOROLA 


Specifications and Applications 
| Information 


TIMING CIRCUIT 
WITH ADJUSTABLE THRESHOLD 


MONOLITHIC TIMING CIRCUIT WITH 
EXTERNALLY ADJUSTABLE THRESHOLD LEVEL 


The MC1422 monolithic timing circuit is ahighly stable controller 
capable of producing accurate time delays, or oscillation. Additional 
terminals ‘are provided for triggering or resetting if desired. For 
astable operation as an oscillator, the free running frequency and the 
duty cycle are both accurately controlled with two external resistors 
and one capacitor. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 
mA or drive MTTL circuits. 

Useable as a Differential Comparator Timer 

Timing From Microseconds Through Hours 
Operates in Both Astable and Monostable Modes 
Adjustable Duty Cycle . 

High Current Output Can Source or Sink 200 mA 
Output Can Drive MTTL 

Temperature Stability of 0.005% per °C 

Normally “On” or Normally “Off’’ Output 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT. 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


1. Ground 

2. Trigger 

3. Output 

4. Reset 

5. Variable Threshold 
Reference 

6. Threshold 

7. Discharge 


(Top View) 


TYPICAL APPLICATIONS 
@ Time Delay Generation @ Precision Timing @ Missing Pulse Detection 
@ Sequential Timing @ Pulse Generation @ Pulse Width Modulation 
@ Linear Sweep Generation @ Pulse Shaping @ Pulse Position Modulation 


G SUFFIX 
METAL PACKAGE 
CASE 601-04 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) Seno 
- . Trigger 


. Output 

. Reset 

. Variable Threshold 
Reference 

. Threshold 

(Top View) . Discharge 


-Vec 
ORDERING INFORMATION 


Temperature Range 


MC1422G 0 to +70°C Metal Can 
MCC1422P1 0 to +70°C Plastic DIP 


Discharge Current (Pin 7) 


Power Dissipation (Package Limitation) 
Metal Can 


Derate above Ta = +25°C 
Plastic Dual In-Line Package 
Derate above Ta = +25°C 


FIGURE 1 — BLOCK DIAGRAM 
O 


Adjustable 
Threshold 


Reference 
6 Y 2 
Threshold© Comparator Comparator O Trigger 


7 


Discharge O 
Flip-Flop 


3 O Output | 1 OGround 
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MC1422 


ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc = +5.0 V to +14 V unless otherwise noted.) 


Symbol r 


Vcc 
Supply Current 
Vcc =5.0V,RL = 
Vth 


Veco =14V,RL=2 
VT 


“4 


= © — 


= W 
2°o 


Low State (Note 1) 


Timing Error (Note 2) 
Ra, Rg = 1.0 kQ to 100 kQ 
Initial Accuracy C = 0.1 uF 
Drift with Temperature 
Drift with Supply Voltage 


Threshold Voltage (Figure 2) 


Trigger Voltage 
Vcc =14V 
Veco =5.0V 


Trigger Current 


PPM/°C 
%/Volt 


| xVcc 


0.01 
2/3 


; 


On —_ 
. oO Pa) 


= 
> 


250 


=) 


oO 
=" 


D 
o 
7) 
@o 
tad 
2) 
Cc 
=x 
x 
oO 
3 
tad 
a rs 


z 
O 
~ 


id . 
we 


> 


a 


Threshold Current (Note 3) 
Output Voltage Low 


=> 


(Vcc = 14 V) 
lsink = 10 mA 
lsink = 50 mA 
lsink = 100 mA 


Isink = 200 mA 
Output Voltage High 

(Isource = 25 MA) 

Vec=14V 
Vec = 5.0 V 
Rise Time of Output 
Fall Time of Output 


VOH 


11.75 
2.75 


13.3 


100 
100 


S 
n 


tOLH 
tOHL 


pe) 
n 


NOTES: 
1. Supply current when output is high is typically 1.0 mA less. 3. This will determine the maximum value of Ra + Rg for 15 V operation. 
2. Tested at Vcc = 5.0 V and Vcc = 14 V. The maximum total R = 20 megohms. 


FIGURE 2 — DC TEST CIRCUIT FIGURE 3 — AC TEST CIRCUIT 


Ry Reset Vcc 
Control 
Reset 0 
Control 


i: O Discharge 
y 4 Voltage 
Voltage 3 pita 
m0 bie © Output Threshold 
Output Threshold Gn Trigger 
C = 0.1 WF 
Trigger i 


Pulse 
sink . Generator 
Ra = 100k 

t= 1.1 RaC seconds = 


~ 


'source 


External components must be bridged so that exact 
values are used in the frequency formula. 


Notes: 
Vcc = Supply Voltage: 5.0 V < Vcc < 14 V Range 
Vs = Switching Voltage: 1.4 V < Vg < 11.0 V Range 


When Vs 2 2/3 Vcc, Vo is !ow = Oat Ru = © 
When Vs < 1/3 Vcc, Vo is high = Vcc at Ry = © 


Ve = Reset Voltage: Vp = 0.4 V or 1.0 V during Reset Test 


During other tests, Pin 4 tied to Vcc. 


gerne es ne Ah te is ie re 
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MC1422 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 4 — TRIGGER PULSE WIDTH FIGURE 5 — SUPPLY CURRENT FIGURE 6 — HIGH OUTPUT VOLTAGE 
ith V4 
_ +250 Y 
= = 80 A 
: : TLL beer g 
Z = 3S 
= > 
Q 3 Ye ) 
= 2 A = 
= ro) 
a 2 


0 0. 0.2 0.3 0.4 5.0 10 15 10 862.0 5.0 10 20 50 100 
VT (min), MINIMUM TRIGGER VOLTAGE Vcc, SUPPLY VOLTAGE (Vdc) lsource(mA) 
(X Vee = Vde) 
FIGURE 7 — LOW OUTPUT VOLTAGE FIGURE 8 — LOW OUTPUT VOLTAGE FIGURE 9 — LOW OUTPUT 
@ Vcc = 5.0 Vde @ Vcc = 10 Vde VOLTAGE @ Vcc = 15 Vde 
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FIGURE 10 — DELAY TIME FIGURE 11 — DELAY TIME FIGURE 12 — PROPAGATION DELAY 


versus SUPPLY VOLTAGE versus TEMPERATURE versus TRIGGER VOLTAGE 
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MC1422 


FIGURE 13 — CIRCUIT SCHEMATIC CONTROL VOLTAGE 
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COMPARATOR | 


Vec 8 0 


Threshold 6 O 


Trigger 2 O 


Reset 4 O 


Discharge 7 O — piscu |. 
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100 
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Variable 
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GENERAL INFORMATION 


The MC1422 is a monolithic timing circuit similar in 
performance and function to the MC1455 timer. It can 
be used in both the astable and monostable modes with 
frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the 
external passive components, the monolithic circuit pro- 
vides the starting circuit, voltage comparison and other 
functions needed for a complete timing circuit. Internal 
to the integrated circuit are two comparators, one for the 
input signal and the other for capacitor voltage; also a 
flip-flop and digital output are offered. The reference 
voltage of the trigger comparator is a fixed ratio of the 
supply voltage while the reference voltage of the threshold 
comparator is completely adjustable. 

The MC1422 offers a completely independent variable 
threshold terminal. This feature allows it to be used as a 
modulation terminal as well as a synchronization terminal 
giving an additional degree of freedom in circuit design. 
The reference voltage pin (pin 5). for the threshold com- 
parator is completely adjustable. 

A reset pin is provided to discharge the capacitor thus 
interrupting the timing cycle. As long as the reset pin is 
low, the capacitor discharge transistor is turned ‘‘on” and 
prevents the capacitor from charging. While the reset volt- 


age is applied the digital output will remain low. The reset 
pin should be tied to the supply voltage when not in use. 


Monostable Mode 


In the monostable mode, a capacitor and a single resis- 
tor are used for the timing network. Both the threshold 
and the discharge transistor terminal are connected to- 
gether in this mode, refer to circuit Figure 14. When the 
input voltage to the trigger comparator falls below 1/3 
Vcc the comparator output triggers the flip-flop so that 
it’s output sets low. This turns the capacitor discharge 
transistor ‘‘off’’ and drives the digital output to the high 
state. This condition allows the capacitor to charge at an 
exponential rate which is set by the RC time constant. 
When the capacitor voltage reaches the external reference 
voltage the threshold comparator resets the flip-flop. This 
discharges the timing capacitor and returns the digital out- 
put to the low state. Once the flip-flop has been triggered 
by an input signal, it cannot be retriggered until the 
present timing period has been completed. The time that 
the output is high is given by the equation t = 1.1 Ra C. 
Various combinations of R and C and their associated 
times are shown in Figure 15. The trigger pulse width 
must be less than the timing period. 
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MC1422 


FIGURE 14 — MONOSTABLE CIRCUIT 


+Vcc (5 to 15 V) 
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Discharge 


Variable 0.017 UWF 
Threshold 
Control Vec2 


APPLICATIONS INFORMATION 


In general, the MC1422 can be used in any application 
where the MC1455/NE555 is currently being used as long 
as an external reference is supplied. (Refer to MC1455 
data sheet for these applications.) The applications listed 
below are unique to the MC1422 and its design. 


Zero Crossing Cycler 


This circuit (see Figure 15) is most useful where it is 
necessary to cycle a thyristor at some frequency and duty 
cycle at line zero crossing only. This cycling at zero cross- 
ing only will reduce EMI, and current surges if capacitive 
loads are used. 


Circuit Description 


In order to have exact zero crossing cycling a phase 
shift network (R3)(C2) is used. Diodes CR1 and Cr@ limit 


the line voltage to V- and V+. This limited line voltage, 
which appears somewhat like a square wave, is used as a 
sync pulse when differentiated by C1 and attenuated to 
1/3 by R1 and R2. Cycle time is dependent on R4 and 
C3. The duty cycle is set by potentiometer R4. 

It should be noted that this zero crossing cycler is in- 
tended for low frequency cycling, much lower than the 
line frequency used. 


1.44 


Tcycle = 0.69 (R4)(C3) or feycle = (R4)(C3) 


FIGURE 15 — ZERO CROSSING CYCLER 


1N4001 MC1422 
Cri 


VLine 
120 Vac 


0.1 uF 200 V 
1N4001 
Cr2 


Output | | | 


1N4001 Period ~ 5 seconds 
Cr3 Duty Cycle Range 
8% to 99% 


All Resistors 1/4 W 
V+ to V- is 5 V to 14 V floating supply 
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FIGURE 16 — PULSE WIDTH MODULATOR 


Y Vcc 5.0V—14V 


40 O 
Astable 
Output 


O © © 
5 O © 
a MSS1000 
0.01 WF Cri 
O O © 


C3 di 0.01 WF 


= Modulation 
MC1422 can be utilized as an astable if Input = 
an external 2/3 ratio resistive divider All Resistors 1/4 Watt 
is used at pin 5, 


. See waveforms 


FIGURE 17 — PULSE WIDTH MODULATOR WAVEFORMS 


Modulation Input 5 V/Div. 


Vc3z Ramp 5 V/Div. 


PWM Input 10 V/Div. 


ee Shee PWM Output 10 V/Div. 
Hor. = 0.5 ms/Div. 


Pulse Width Modulator 


The MC1422 is used as a pulse width modulator 2. For the astable frequency: 
(PWM) with the MC1455 being utilized as an astable. 1.44 
The MC1422 can be used as an astable in place of the f=1/T= (Ry + 2R5)C 
MC1455 if an external reference of approximately 2/3 1 2 
VCC is used at Pin 5. 3. Duty cycle (D.C.) for the astable: 
The transistors Q1 and Q2 are configured as a current 
, : R2 
mirror to provide a linear voltage ramp across C3. This C= sats 
constant current scheme attributes a relatively linear R1+2R2 


transfer characteristic for the pulse width modulator. 


Several considerations must be made when using this For best results the charge time of C3 in the pulse 


width modulator should be equal to the period of 


circuit. 
1. The minimum duty cycle out is limited to the com- the astable. 
: : ; P 
plement of the input signal. (i.e., a 95% duty cycle log Vec _ VBE 


astable driving the PWM will give a minimum duty 


, la1 = 102 =——~Ba 
cycle output of ~ 5%.) 


1 
= f; Sa as 
C3(Vec-1) | Teg 
The maximum duty cycle out will also be limited 


. . ; ; P Sows 4 
to the maximum duty cycle in. Vcc = 10 V linearity typically 3% modulation input 


from 2 volts to 8 volts. 


~ 
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Voltage Controlled Oscillator 


The VCO circuit, which. has a nonlinear transfer charac- 
teristic will operate satisfactorily up to 200 kHz. The 
VCO input range is effective from 1/3 Vcc to Vcc - 2 V, 
with the highest control voltage producing the lowest out- 
put frequency. The equation for the frequency is: 


V5-1/3 Vcc 


V5- 
2/3 VCC )(R1+R2)C1+1n( 


In (1- 


V5 = VCO input control voltage 


It should be noted that, the output duty cycle will vary 
somewhat over the VCO input control range. 


Comparator with Time Out 


The MC1422 is used as a comparator with the Capa- 
bility of a timing output pulse when the inverting input 
(Pin 6) is = the non-inverting input (Pin 5). The frequency 
of the pulses for the values of R2 and C1 as shown in 
Figure 19 is approximately 2.0 Hz, and the pulse width 
0.3 ms, fp = frequency of pulses while Pin 6 voltage is 
above voltage at Pin 5. 

The function of R1 is to limit di/dt, when charging C1. 


1 


Schmitt Trigger 


The MC1422 is very useful as a Schmitt Trigger as shown 
in Figure 20. The lower trigger point is fixed at 1/3 Vcc, 
but the upper trigger point is adjustable by means of Pin 5 
from 1/3 Vec to slightly less than Vcc. The Schmitt 
trigger will operate with input frequencies up to 50 kHz. 


FIGURE 18 — VOLTAGE CONTROLLED OSCILLATOR 


OVcc 5.0V—14V 


VCO Input > 
(input Range 1/3 Voc 


to Vec) 


FIGURE 19 


O Vcc 5.0V —14V 


Comparator 
Input 


1N4001 Output 


7 Vref — ee ae 
Comparator Input——- 


Comparator Output - 0 | | 


FIGURE 20 


OVcc 5.0V—14V 


Output 


Upper Trigger 
Point Control 
(Input Range 1/3 Vcc to Vcc) 


Note: Lower Trigger Point is 
fixed at 1/3 Vcc. 
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| | MC1455 
MOTOROLA MC1555 


Specifications and Applications 
Information 


TIMING CIRCUIT 


TIMING CIRCUIT SILICON MONOLITHIC 


The MC1555/MC1455 monolithic timing circuit is a highly stable INTEGRATED CIRCUIT 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For astable operation as an 
oscillator, the free running frequency and the duty cycle are both 
accurately controlled with two external resistors and one capacitor. CASE 626-04 
The circuit may be triggered and reset on falling waveforms, and (Top View) 
the output structure can source or sink up to 200 mA or drive (MC1455P1 only) 
MTTL circuits. 

@ Direct Replacement for NE555/SE555 Timers 
Timing From Microseconds Through Hours 
Operates in Both Astable and Monostable Modes 

_ Adjustable Duty Cycle 

High Current Output Can Source or Sink 200 mA 

Output Can Drive MTTL 

Temperature Stability of 0.005% per °C 

Normally “On” or Normally “Off’’ Output U SUFFIX 


CERAMIC PACKAGE 
FIGURE 1 — 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT CASE 693-02 


4.0 A (RMS) 


P1 SUFFIX 
PLASTIC PACKAGE 
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Reset 

. Control Voltage 
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G SUFFIX | 
METAL PACKAGE 
CASE 601-04 


117 VAC 60 Hz 


. Ground 

. Trigger 

. Output 

Reset 

Control Voltage 
. Threshold 

. Discharge 


Vcc 


t=1.1;R,C= 22s 

Time delay (t) is vafiable 

by changing R and C. (See 
. Figure 16.) 
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Control 7 
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Trigger 


TYPICAL APPLICATIONS 
@ Time Delay Generation @® Precision Timing @ Missing Pulse Detection 
@® Sequential Timing @ Pulse Generation @ Pulse Width Modulation 
@ Linear Sweep Generation @ Pulse Shaping @ Pulse Position Modulation 
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t 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) FIGURE 3 — GENERAL TEST CIRCUIT 


200 mA = 
Control 


Voltage MC1555 
MC1455 


Discharge 


6 Threshold 


CC 
Ta 


Power Dissipation (Package 
Limitation) 
Metal Can 
Derate above Tn =+25°C 
Plastic Dual In-Line Package 
Derate above Ta = +25°C | 


Test Circuit for Measuring dc Parameters: 
(to set Output and measure parameters) 


Operating Temperature 


Range (Ambient) MC1555 -55 to +125 


a). When Vg > 2/3 Vcc, Vo is low. 
MC1455 0 to +70 b). When Vg < 1/3 Vcc, Vo is high. 
c). When Vo is low, pin 7 sinks current. To test for Reset, 
set Vo, high, apply Reset voltage, and test for current 
flowing into pin 7. When Reset is not in use, it should 


Storage Temperature Range -65 to +150 a 
be tied to Vcc. 


ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc = +5.0 V to +15 V unless otherwise noted.) 


MC 1555 MC 1455 
Characteristics 


| Min | 
Supply Voltage 2 eS 


Supply Current 
Veco = 5.0V,RL =e 
Vec = 16 V,RL =° 

Low State, (Note 1) 

Timing Error (Note 2) 

R=1.0 kQ to 100 kQ 

Initial Accuracy C = 0.1 uF 

Drift with Temperature 

Drift with Supply Voltage 


Threshold Voltage 


PPM/°C 
%/Volt 


Trigger Voltage 
Vec = 15 V 
Vcc = 5.0 V 


Reset Voltage 


Threshold Current (Note 3) 
Discharge Leakage Current (Pin 7) 


Control Voltage Level 
Veco = 15 V 
Vcc = 5.0 V 
Output Voltage Low 


(Vec = 15 V) 
Isink = 10 mA 
lsink = 50 mA 
lsink = 100 mA 
lsink = 200 mA 
(Vcc = 5.0 V) 
lsink = 8.0 mA 


Output Voltage High 
(lsource = 200 mA) 


Vec = 15 V 
(Isource = 100 mA) E 
Veco = 15 V 
Vec = 5.0 V 


Rise Time of Output 
Fall Time of Output 
NOTES: 

1. Supply current when output is high is typically 1.0 mA less. 3. This will determine the maximum value of Ra + Rg for 15 V operation. 


2. Tested at Voc = 5.0 V and Vcc = 15 V. The maximum total R = 20 megohms. 
Monostable mode 
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TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 4 — TRIGGER PULSE WIDTH FIGURE 5 — SUPPLY CURRENT FIGURE 6 — HIGH OUTPUT VOLTAGE 


lec, SUPPLY CURRENT (mA) 
Vcc — VOH, (Vdc) 


PW, PULSEWIDTH (ns min) 


0 
1.0 2.0 50 10 20 50 100 


Vcc, SUPPLY VOLTAGE (Vdc) 


Isource(mA) 
(X Vee = Vdc) 
FIGURE 7 — LOW OUTPUT VOLTAGE FIGURE 8 — LOW OUTPUT VOLTAGE FIGURE 9 — LOW OUTPUT 
@ Vcc = 5.0 Vde @ Vcc = 10 Vde VOLTAGE ®@ V¢¢ = 15 Vde 


o 


VOL, (Vdc) 
VoL, (Vdc) 


. 0.01 
1.0 2.0 5.0 10 20 50 100 ~ 1.0 2.0 50 10 8 20 50 100 


ISINK, (mA) ISINK, (mA) ISINK, (mA) 
FIGURE 10 — DELAY TIME FIGURE 11 — DELAY TIME FIGURE 12 — PROPAGATION DELAY 
versus SUPPLY VOLTAGE versus TEMPERATURE versus TRIGGER VOLTAGE 
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Vcc, SUPPLY VOLTAGE (Vdc) Ta, AMBIENT TEMPERATURE (°C) VT (min), MINIMUM TRIGGER VOLTAGE 
(X Veg = Vde). 
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FIGURE 13 — REPRESENTATIVE CIRCUIT SCHEMATIC 
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GENERAL OPERATION 


The MC1555 is a_ monolithic timing circuit which uses as its 
timing elements an external resistor — capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com- 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com- 
parator reference voltages are always a fixed ratio of the supply 


voltage thus providing output timing independent of supply voltage. 


Monostable Mode 


In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vcc the comparator output triggers 
the flip-flop so that it’s output sets low. This turns the capacitor 
discharge transistor ‘off’ and drives the digital output to the high 
state. This condition aliows the capacitor to charge at an ex- 


ponential rate which is set by the RC time constant. When the . 


capacitor voltage reaches 2/3 Vcc the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re- 
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered’ until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 Ra C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 


A reset pin is provided to discharge the capacitor thus inter- 
rupting the timing cycle. As long as the reset pin is low, the capaci- 
tor discharge transistor is turned ‘‘on’’ and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 


FIGURE 14— MONOSTABLE CIRCUIT __ 


+Vcc (5 to 15 V) 


‘Discharge 


MC1555 Cc 
© 


MC1455 
Threshold 


Trigger iJ 
ne Control 


MOTOROLA LINEAR/INTERFACE DEVICES’ 


MIiC1455, MC1555 


GENERAL OPERATION (continued) 


FIGURE 15 — MONOSTABLE WAVEFORMS 
aa 


Input Voitage 5.0 V/cm 


mae 
Output Voitage 20 V/cm i 


anpa 

iy Z| 

fcarver /aoirem || / 
Capacitor Voltage / 5.0 V/cm 


t = 50 us/cm 
(Ra = 10k2, C=0.01 LF, RL =1.0k2 ,Vec = 15 V) 


FIGURE 16 — TIME DELAY 


va 
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le ileal 
Oo 
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‘cat a ae 
10 us 100 us 1.0 ms 10 ms 100 ms 1.0 10 100 
ty, TIME DELAY (s) 
Astable Mode 


In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vec and 2/3 Vcc. See Figure 17. 


The external capacitor charges to 2/3 Vcc through Ra and Rg 
and discharges to 1/3 Vcc through Rg. By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by: ty = 0.695 (Ra+Rp) C 
The discharge time (output low) by: tz = 0.695 (Rg) C . 
Thus the total period is given by: T = ty + tz = 0.695 (Ra+2Rp) C 


The frequency of oscillation is then: f = te ee 
T (Rat2Rp) a 

and may be easily found as shown i in Figure 19. 

Rp 
Rat2Rg 
To obtain the maximum duty cycle Ra must be as small as | 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum ang of the discharge . 
transistor (200 mA). 

The minimum value of Ra is given by: 

>Vcc (Vde) 5 Vcc (Vde) 


17 (A) 0.2 


The duty cycle is given by: DC = 


FIGURE 17 — ASTABLE CIRCUIT 
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FIGURE 18 — ASTABLE WAVEFORMS 


Output Voltage 
40 V/cm 


t = 20 us/cm 


(Ra =5.1k2,C =0.01 wF, Ry = 1.0kQ; 
Rg = 3.9k2, Vec = 15 V) 


FIGURE 19 — FREE- RUNNING. FREQUENCY 
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APPLICATIONS INFORMATION 


Linear Voltage Ramp 

In the monostable mode, the resistor can be replaced by a con- 
stant current source to provide a linear ramp voltage. The capaci- 
tor still charges from 0 to 2/3 Vcc. The linear ramp time is given 
by .. 2 Vee 


fe ae 
Vcc - Ve - VBE | 
where | = oa lf Vg is much larger than Vg_e, 
E 
then t can be made independent of Vcc. 


FIGURE 20 — LINEAR VOLTAGE SWEEP CIRCUIT 


2N 4403 | 
or Equiv 


MC 1555 
MC 1455 


0.01 Voltage 
LF ae 


FIGURE 21 — LINEAR VOLTAGE RAMP WAVEFORMS 
(Re = 10k2, R2 = 100 k2, R1 = 39 kN, C = 0.01 uF, Vec = 15 Vv) 


magevae [| 


cine 
Ey 


|| 
S 


%, 
ae 
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Missing Pulse Detector 


The timer can be used to produce an output when an input 
pulse fails to occur within the delay of the timer. To accomplish 
this, set the time delay to be slightty longer than the time between 
successive input pulses. The timing cycle is then contin uously reset 
by the input pulse train until a change in frequency or a missing 
pulse allows completion of the timing cycle, causing a change in 
the eutpue level. 


FIGURE 22 


+Vcc (5 to 15 Vv) 


Vee 
Reset 
40 


ee 
rs 
MC1555 
MC1455 A 
Control 
5 Voltage 
Trigger 


FIGURE 23 — MISSING PULSE DETECTOR WAVEFORMS 
ce een ee re Rp =1.0k2,C=0.1uF, oes 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation 


lf the timer is triggered with a continuous pulse train in the 
monostable mode of operation, the charge time of the capacitor 
can be varied by changing the control voltage at pin 5. In this 
manner, the Output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 24 
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FIGURE 25 — PULSE WIDTH MODULATION WAVEFORMS 
(Ra = 10k, C = 0.02 uF, Vcc = 15 V) 
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Clock Input Voltage 


t = 0.5 ms/cm 


Test Sequences 


Several timers can be connected to drive each other for sequen- 
tial timing. An example is shown in Figure 26 where the sequence 
is started by triggering the first timer which runs for 10 ms. The 
Output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


FIGURE 26 
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_ Specifications and Applications 
Be 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 


MONOLITHIC FOUR: QUADRANT MULTIPLIER CIRCUIT 


_ designed for; Se where the output voltage iS a. linear product of 
_ two input voltages. Typical applications include: multiply, divide, 
Square root, mean square, phase detector, frequency doubler, balanced 
modulator/demodulator, electronic gain control. ay 
The MC 1594/1494 is a variable transconductance multiplier with 
internal level-shift circuitry and voltage regulator. Scale factor, input 
offsets and output offset are completely adjustable withthe use of four 
external potentiometers: Two complementary regulated voltages are 
provided to simplify offset adjustment and improve power-supply 
rejection. 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 


@ Operates With +15 V Supplies 


Excellent Linearity — Maximum Error (X or Y): + 0.5% (MC 1594) lx 


+ 1.0% (MC 1494) 
Wide Input Voltage Range — +10 volts 


Adjustable Scale Factor, K (0.1 nominal) 
Single-Ended Output Referenced to Ground 
Simplified Offset Adjust Circuitry CERAMIC PACKAGE 
Frequency Response (3 dB Small-Signal) — 1.0 MHz CASE 620-02 
Power Supply Sensitivity — 30 mV/V typical 


FOUR-QUADRANT TYPICAL LINEARITY ERROR 
MULTIPLIER TRANSFER CHARACTERISTIC versus TEMPERATURE 
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Erx OR ERY, LINEARITY ERROR (%) 


: +100 +125 
Vx, INPUT VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) | 
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Maximum Ratings AC Operation 

Electrical Characteristics DC Applications 

Test Circuits AC Applications 
Characteristic Curves Definitions 

Circuit Description General Information Index 
Circuit Schematic 

DC Operation 


MOTOROLA LINEAR/INTERFACE DEVICES 


11-22 


MC1494L, MC1594L : 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted) 


Vemy = Vg= V6 
Vomx = V10 = V13 


| Unit _| 
Differential Input Signal V9-Vg t {6+14Ry|<30 Vde 
V10-V 13 t+ 16 +14 RxI1< 30 
Common-Mode Input Voltage Vde 
Vcmy #11.5 
es oie 


Power Dissipation (Package Limitation) 


Tp = +25°C Pp 750 mw 
Derate above Tp = +25°C 1/050 5.0 mw/°C 
Operating Temperature Range Ta %C 


MC 1594 
MC 1494 


Storage Temperature R ange 


-55 to +125 
Oto+ 70 


Linearity 
Output error tn Percent of full scale 
“10 V<Vy<+10V (Vy =+1QV) 
-10 V<Vy<+10 V (Vy, = £10 V) 
Ta = +25°C 
Ta = Thigh © 
Ta = Tiow @ 


Input ; 
Voltage Range (Vy = Vy = V 
Resistance (X or Y Input) 
Offset Voltage (X Input) (Note 1) 

(Y Input) (Note 1) 
Bias Current (X or Y Input) 
Offset Current (X or Y input) 


Output i 
Voltage Swing Capability +10 
Impedance = 
Offset Voltage (Note 1) - 
Offset Current (Note 1) = 


in) 


Temperature Stability (Drift) 
TA = Thigh tO Tlow 
Output Offset (X =0, Y = 0) Voltage 
Current 

X Input Offset (Y = 0) i 
Y Input Offset (X = 0) i 
Scale Factor 

Total de Accuracy Drift (X = 10, Y = 10) 


Dynamic Response 
Small Signal (3dB) xX BW3 dB (x) 


¥ BW3 aB(Y) 
Power Bandwidth (47 k) 
3° Relative Phase Shift 
1% Absolute Error 


Common Mode 
Input Swing (X or Y) 


Gain (X or Y) 


Power Supply 
Current 


Quiescent Power Dissipation 
Sensitivity 


Regulated. Offset Adjust Voltages 
Positive 


Negative 
Temperature Coefficient (Vi or Va) 


Power Supply Sensitivity (Vi, or Vp) 


Note 1: Offsets can be adjusted to zero with externa! potentiometers. Othigh = +125°C for MC1594 @rtiow = ~55°C for MC1594 
+ 70°C for MC1494 0°C for MC1494 
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TEST CIRCUITS | | 
_ FIGURE 1 — LINEARITY FIGURE 2 — INPUT RESISTANCE 
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FIGURE 4 — INPUT BIASCURRENT/INPUT OFFSET 
FIGURE 3 — OFFSET VOLTAGES, GAIN CURRENT, OUTPUT RESISTANCE 
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FIGURE 6 — COMMON-MODE 
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TYPICAL CHARACTERISTICS 
(Unless otherwise noted, Vt = +15 V, V7" =-15 V, R1 = 16k, Rx = 30kQ, Ry =62k2, Ry =47kQ, Ta = +25°C) 


FIGURE 9 — FREQUENCY RESPONSE OF Y INPUT FIGURE 10 — FREQUENCY RESPONSE OF 
versus LOAD RESISTANCE X INPUT versus LOAD RESISTANCE 
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FIGURE 11 — LARGE SIGNAL VOLTAGE versus FREQUENCY 


© With MC 1556 Buffer Op-Ampl. 
No Op-Ampl., Ry = 47k22 


Vo, OUTPUT VOLTAGE (Vpp) 
ERx OR Ery, LINEARITY ERROR (°o) 


f, FREQUENCY (Hz) 


FIGURE 13 — LINEARITY versus Rx OR Ry WITH K = 1 
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GENERAL INFORMATION 


1. CIRCUIT DESCRIPTION . tee a ke = _ 
; with the offset adjust circuits to virtually eliminate sensitivity 

: _ of the offset voltage nulls to changes in supply voltage. 

The MC1594 is a monolithic, four-quadrant multiplier that As shown in Figure 15, the MC 1594 consists of a multiplier 

operates on the principle of variable transconductance. It proper and associated peripheral circuitry to provide these 


features a single-ended current output referenced to ground features. 
and provides two complementary regulated voltages for use 


1.1 Introduction 


FIGURE 15 . 
(Recommended External Circuitry is Depicted With Dotted Lines) 


+ 
DIFFERENTIAL 
CURRENT 

CONVERTER 


‘In iA - lp) 


FOUR-QUADRANT 
MULTIPLIER 


CURRENT AND VOLTAGE 
REGULATOR 


2 
Aig ween 


Laren dS 
Ry 
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1.2 


1.3 


1.4 


Regulator (Figure 15) 


The regulator biases the entire MC1594 circuit making it 
essentially independent of supply variation. It also provides 
two convenient regulated supply voltages which can be used 
in the offset adjust circuitry. The regulated output voltage 
at pin 2 is approximately +4.3 V while the regulated voltage 
at pin 4 is approximately -4.3 V. For optimum temperature 
Stability of these regulated voltages, it is recommended that 
lial = [lg] = 1.0 mA (equivalent load of 8.6 kQ). As will be 
shown later, there will normally be two 20 k-ohm potenti- 
ometers and one 50 k-ohm potentiometer connected between 
pins 2 and 4. 


The regulator also establishes a constantcurrent reference that 
controls afl of the constant current sources in the MC1594. 
Note that all current sources are related to current |4 which 
is determined by R1. For best temperature performance, 
Ri should be 16 kQ sothat!} ~ 0.5mA for all applications. 


Multiplier (Figure 15) 


The multiplier section of the MC1594 (center section of 
Figure 15) is nearly identical to the MC 1595 and is discussed 
in detail in Application Note AN-489, ‘Analysis and Basic 
Operation of the MC1595°' The result of this analysis is 
that the differential output current of the multiplier is given 
by: 


Therefore, the output is proportional to the product of the 
two input voltages. 
Differential Current Converter (Figure 15) 


This portion of the circuitry converts the differential output 
current (la-lg) of the multiplier to a single-ended output 
current (Io): 


lo=la-'lg 


or 
2Vx Vv 


Oo  RyRy!y 

The output current can be easily converted to an output 
voltage by placing a load resistor RL from the output (pin 
14) to ground (Figure 17) or by using an op-ampi. as a 
current-to-voltage converter (Figure 16). The result in both 
Circuits is that the output voltage is given by: 


2RL Vx Vy 


== 4" Ly 


2RL 


where K (scale factor) = av 


DC OPERATION 


Selection of External Components 


For low frequency operation the circuit of Figure 16 is 
recommended. For this circuit, Ry = 30k2, Ry = 62k, 
R1 = 16 k2Q and hence 14 ~0.5mA. Therefore, to set the 
scale factor, K, equal to 1/10, the value of Ry can be cal- 
culated to be: 


1 2RL 
10° RxRy!y 
RxRyly (30k) (62k) (0.5 mA) 
or RL= eS 2 
(2) (10): 20 
Ry = 46.5k 


Thus, a reasonable accuracy in scale factor can be achieved 
by making R__ a fixed 47 k§2 resistor. However, if it is desired 


FIGURE 16 — TYPICAL MULTIPLIER CONNECTION 
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2.2 


2.3 


2.4 


that the scale factor be exact, Ri can be comprised of a 
fixed resistor and a potentiometer as shown in Figure 16. 
it should be pointed out that there is nothing magic about 
setting the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy input voltages are expected 
to be large, say +10 V. Obviously with Vx = Vy = 10 V and 
a scale factor of unity, the device could not hope to provide 
a 100 V output, so the scale factor is set to 1/10 and provides 
an output scaled down by a factor of ten. For many applica- 
ip it may be desirable to set K = 1/2 or K = 1 or even 
= 100. This can be accomplished by adjusting Rx, Ry 
ae R, appropriately. 
The selection of Ry is arbitrary and | can be chosen after 
resistors Rx and Ry are found. Note in Figure 16 that Ry 
is 62 kQ while Ry is 30k. The reason for this is that the 
“Y"' side of the multiplier exhibits a second order non- 
linearity whereas the ‘'X"’ side exhibits a simple non-linearity. 
By making the Ry resistor approximately twice the value 
of the Rx resistor, the linearity on both the “X” and “Y” 
sides are made equal. The selection of the Rx and Ry 
resistor values is dependent upon the expected amplitude of 
Vx and Vy inputs. To maintain a specified linearity, 
resistors Ry and Ry should be selected according to the 
following equations: 


Rx > 3 Vx (max) in kQ when Vx is in volts 
Ry =6 Vy (max) in kQ when Vy is in volts 


For example, if the maximum input on the ‘'X”’ side is 
+1 volt, resistor Rx can be selected to be 3k. If the max- 
imum input on the ‘Y”’ side is also +1 voit, then resistor 
Ry can be selected to be 6 kQ (6.2 kQ nominal value). If a 
scale factor of K = 10 is desired, the load resistor is found to 
be 47 kQ. In this example, the multiplier provides a gain 
of 20 dB. 


Operational Amplifier Selection 


The operational amplifier connection in Figure 16 is a simple 
but extremely accurate current-to-voltage converter. The 
output current of the multiplier flows through the feedback 
resistor Ry to provide a low impedance output voltage from 
the op-ampl. Since the offset current and bias currents of 
the op-ampl. will cause errors in the output voltage, particu- 
larly with temperature, one with very low bias and offset cur- 
rents is recommended. The MC1556/MC1456 or MC1741/ 
MC1741C are excellent choices for this application. 


Since the MC1594 is capable of operation at much higher 
frequencies than the op-ampl., the frequency characteristics 
of the circuit in Figure 16 will be primarily dependent upon 
the op-amp!. 


Stability 


The current-to-voltage converter mode is a most demanding 
application for an operational amplifier. Loop gain is at its 
maximum and the feedback resistor in conjunction with 
stray or input capacitance at the multiplier output adds addi- 
tional phase shift. It may therefore be necessary to add 
(particularly in the case of internally compensated op-ampls.) 
a small feedback capacitor to reduce loop gain at the higher 
frequencies. A value of 10 pF in parallel with R, should be 
adequate to insure stability over production and temperature 
variations, etc. 


An externally compensated op-amp!. might be employed 
using slightly heavier compensation than that recommended 
for unity-gain operation. 


Offset Adjustment 


The non-inverting input of the op-ampl. provides a convenient 
point to adjust the output offset voltage. By connecting this 
point to the wiper arm of a potentiometer (P3), the output 
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offset voltage can be adjusted to zero (see offset and scale 
factor adjustment procedure). 


The input offset adjustment potentiometers, P1 and P2 will 
be necessary for most applications where it is desirable to 
take advantage of the multiplier’s excellent linearity char- 
acteristics.. Depending upon the particular application, some 
of the potentiometers can be omitted (see Figures 17, 19, 
22, 24 and 25). 


Offset and Scale Factor Adjustment Procedure 
The adjustment procedure for the circuit of Figure 16 is: 
A. X Input Offset 


(a) connect oscillator (1 kHz, 5 Vpp sinewave) to the’ oye 
input (pin 9) 


(b) connect ‘’X'’ input (pin 10) to ground 


(c) adjust X-offset potentiometer, P2 for an ac null at 
the output 


B. Y Input Offset 
(a) connect oscillator (1 kHz, 5 Vpp sinewave) to the "X” 
input (pin 10) 
(b) connect ‘“Y"’ input (pin 9) to ground 


(c) adjust Y-offset potentiometer, P1 for an ac null at 
the output 


C. Output Offset 
(a) connect both ‘’X"’ and ‘’Y”’ inputs to ground 


(b) adjust output offset potentiometer, P3, until the out- 
put voltage Vo, is zero volts dc 


D. Scale Factor 
(a) apply +10 Vdc to both the '’X"’ and ‘‘Y”’ inputs 
(b) adjust P4 to achieve -10.00 V at the output 


(c) apply -10 Vdc to both ’X"’ and ““Y” inputs and check 
for Vo = -10.00 V 


E. Repeat steps A through D as necessary. 


The ability to accurately adjust the MC1594 is dependent 
on the offset adjust potentiometers. Potentiometers should 
be of the ‘infinite’ resolution type rather than wirewound. 
Fine adjustments in balanced-modulator applications may 
require two potentiometers to provide ‘‘coarse”’ and ‘‘fine”’ 
adjustment. Potentiometers should have low temperature 
coefficients and be free from backlash. 


Temperature Stability 


While the MC1594 provides excellent performance in itself, 
overall performance depends to a large degree on the quality 
of the external components. Previous discussion shows the 
direct dependence on Rx, Ry, and Ry, and indirect depend- 
ence on R1 (through 14). Any circuit subjected to tempera- 
ture variations should be evaluated with these effects in mind. 


Bias Currents 


The MC1594 multiplier, like most linear IC's, requires a dc 
bias current into its input terminals. The device cannot be 
capacitively coupled at the input without regard for this bias 
current. If inputs Vx and Vy are able to supply the small bias 
current (= 0.5 yA) resistors, R (Figure 16) can be omitted. 
If the MC1594 is used in an ac mode of operation and 
capacitive coupling is used the value of resistor R can be any 
reasonable value up to 100 kQ. For minimum noise and 
optimum temperature performance, the value of resistor R 
should be as low as practical. 


Parasitic Oscillation 


When long leads are used on the inputs, oscillation may occur. 
In this event, an RC parasitic suppression network similar to 
the ones shown in Figure 16 should be connected directly 
to each input using short leads. The purpose of the network 
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is to reduce the ‘‘Q”’ of the source-tuned circuits which cause 
the oscillation. 


Inability to adjust the circuit to within the specified accuracy 
may be an indication of oscillation. 


AC OPERATION 


General 


For ac operation, such as balanced modulation, frequency 
doubler, AGC, etc., the op-ampl. will usually be omitted as 
well as the output offset adjust potentiometer. The output 
offset adjust potentiometer is omitted since the output will 
normally be ac-coupled and the dc voltage at the output is 
of no concern providing it is close enough to zero volts that 
it will not cause clipping in the output waveform. Figure 17 


FIGURE 17 — WIDEBAND MULTIPLIER 


+15V -15V 


MC1594L 
(MC1494L) 


ex (max) = ey(max) = 1V 


shows a typical ac multiplier circuit with a scale factor K~ 1. 
Again, resistor Rx and Ry are chosen as outlined in the 
previous section, with Ry chosen to provide the required 
scale factor. 


The offset voltage then existing at the output will be equal to 
the offset current times the load resistance. The output off- 
set current of the MC1594 is typically 17 uA and 35 wA 
maximum. Thus, the maximum output offset would be 
about 160 mV. 


Bandwidth 


The bandwidth of the MC1594 is primarily determined by 
two factors. First, the dominant pole will be determined by 
the load resistor and the stray capacitance at the output 
terminal. For the circuit shown in Figure 17, assuming a 
total output capacitance (Cg) of 10 pF, the 3 dB bandwidth 
would be approximately 3.4 MHz. If the load resistor were 
47 kQ, the bandwidth would be approximately 340 kHz. 

Secondly, a ‘‘zero”’ is present in the frequency response 
characteristic for both the “’X"’ and “Y”’ inputs which causes 
the output signal to rise in amplitude at a 6 dB/octave slope 
at frequencies beyond the breakpoint of the ‘‘zero’’. The 
‘zero’ is caused by the parasitic and substrate capacitance 
which is related to resistors Rx and Ry and the transistors 
associated with them. The effect of these transmission 
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“zeros’’ is seen in Figures 9 and 10. The reason for this 
increase in gain is due to the bypassing of Rx and Ry at 
high frequencies. Since the Ry resistor is approximately 
twice the value of the Ry resistor, the zero associated with 
the '‘Y"' input will occur at approximately one octave below 
the zero associated with the X”’ input. For Rx = 30 kf and 
Ry = 62 kQ, the zeros occur at 1.5 MHz for the “X” input 
and 700 kHz for the ‘‘Y’’ input. These two measured break- 
points correspond to a shunt capacitance of about 3.5 pF. 
Thus, for the circuit of Figure 17, the ‘’X’’ input zero and 
“Y"' input zero will be at approximately 15 MHz and 
7 MHz respectively. 

it should be noted that the MC1594 multiplies in the time 
domain, hence, its frequency response is found by means 
of complex convolution in the frequency (Laplace) domain. 
This means thatif the ‘’X’’ input does not involve a frequency, 
it is not necessary to consider the ‘’X”’ side frequency 
response in the output product. Likewise, for the ‘’Y”’ side. 
Thus, for applications such as a wideband linear AGC ampli- 
fier which has a dc voltage as one input, the multiplier fre- 
quency response has one zero and one pole. For applications 
which involve an ac voltage on both the ‘’X"’ and ‘’Y”’ side, 
such as a balanced modulator, the product voltage response 
will have two zeros and one pole, hence, peaking may be 
present in the output. 

From this brief discussion, it is evident that for ac applica- 
tions; (1) the value of resistors Ry, Ry and R_ should be 
kept as small as possible to achieve maximum frequency 
response, and (2) it is possible to select a load resistor Ry 
such that the dominant pole (R1_, Cg) cancels the input zero 
(Rx, 3.5 pF or Ry, 3.5 pF) to give a flat amplitude character- 
istic with frequency. This is shown in Figures 9 and 10. 
Examination of the frequency characteristics of the ''X" . 
and ““Y"' inputs will demonstrate that for wideband amplifier 
applications, the best tradeoff with frequency response and 
gain is achieved by using the Y”’ input for the ac signal. 

For ac applications requiring bandwidths greater than those 
specified for the MC1594, two other devices are recom- 
mended. For modulator-demodulator applications, the 
MC1596 may be used up to 100 MHz. For wideband multi- 
plier applications, the MC1595 (using smail! collector loads 
and ac coupling) can be used. 


Slew-Rate 


The MC1594 multiplier is not slew-rate limited in the ordi- 
nary sense that an op-ampl. is. Since all the signals in the 
multiplier are currents and not voltages, there is no charging 
and discharging of stray capacitors and thus no limitations 
beyond the normal device limitations. However, it should 
be noted that the quiescent current in the output transistors 
is 0.5 mA and thus the maximum rate of change of the out- 
put voltage is limited by the output load capacitance by 
the simple equation: 


Slew-R BMG 200 
ew-Rate AT “¢ 


Thus, if Cg is 10 pF, the maximum slew-rate would be: 
AVo 0.5x 1073 


= 50 V/us 
AT m 


10 x 10712 


This can be improved if necessary by addition of an emitter- 
follower or other type of buffer. 


Phase-Vector Error 

All multipliers are subject to an error which is known as the 
phase-vector error. This error is a phase error only and does 
not contribute an amplitude error per se. The phase-vector 
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error is best explained by an example. If the ‘’X’’ input is 


described in vector notation as 
X=AX 0° 
and the ““Y”’ input is described as 
Y=B X 0° 
then the output product would be expected to be 
Vo =AB X 0° (see Figure 18) 


However, due to a relative phase shift between the ‘’X"’ and 
“Y"' channels, the output product will be given by 


Vo=ABX 


Notice that the magnitude is correct but the phase angle of 
the product is in error. The vector, V, associated with this 
error is the ‘‘phase-vector error’’. The startling fact about 
the phase-vector error is that it occurs and accumulates much 
more rapidly than the amplitude error associated with fre- 
quency response. In fact, a relative phase shift of only 0.572 
will result in a 1% phase-vector error. For most applications, 
this error is meaningless. !f phase of the output product is 
not important, then neither is the phase-vector error. If 
phase is important, such as in the case of double sideband 
modulation or demodulation, then a 1% phase-vector error 
will represent a 1% amplitude error at the phase angle 
of interest. 


FIGURE 18 — PHASE-VECTOR ERROR 


X=Ax00 
Y=Bx 0° 


AB 4 0° 


Circuit Layout 


if wideband operation is desired, careful circuit layout must 
be observed. Stray capacitance across Rx and Ry should be 
avoided to minimize peaking (caused by a zero created by 
the parallel RC circuit). 


DC APPLICATIONS 
Squaring Circuit 


If the two inputs are connected together, the resultant 
function is squaring: 


Vo =KV2 


where K is the scale factor (see Figure 19). 


However, a more careful look at the multiplier’s defining 
equation will provide some useful information. The output 
voltage, without initial offset adjustments is given by: 


Vo =K(Vx + Viox -Vx off) (Vy + Vioy - Vy off) + Voo 


(See ‘Definitions’ for an explanation of terms). 
With Vx = Vy = V (squaring) and defining 


€x = Viox - Vx off 
ey = Vioy - Vy off 
The output voitage equation becomes 
Vo=K V2 + KV x (ex + ey) +.Kexey + Voo 


This shows that all error terms can be eliminated with only 
three adjustment potentiometers, eliminating one of the in- 
put offset adjustments. For instance, if the ‘’X’’ input offset 
adjustment is eliminated, ex is determined by the internal 
offset, Viox, but ey is adjustable to the extent that the 
(ex + ey) term can be zeroed. Then the output offset adjust- 
ment is used to adjust the Vog term and thus zero the remain- 
ing error terms. An ac procedure for nulling with three 
adjustments is: 


A. AC Procedure: 

1. Connect oscillator (1 kHz, 15 Vpp) to input 

2. Monitor output at 2 kHz with tuned voltmeter and 
adjust P4 for desired gain (Be sure to peak response 
of voltmeter) 

3. Tune voltmeter to 1 kHz and adjust P1 for aminimum 
Output voltage 

4. Ground input and adjust P3 (output offset) for zero 
volts dc out 

5. Repeat steps 1 through 4 as necessary. 


FIGURE 19 — MC1594 SQUARING CIRCUIT 
+15V -15V 
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B. DC Procedure: 


1. Set Vx = Vy = 0 V and adjust P3 (output offset 


potentiometer) such that Vy = 0.0 Vdc 


2. Set Vx = Vy = 1.0 V and adjust P1 (Y input offset 


potentiometer) such that the output voltage 
-0.100 volts 


iS 


3. Set Vx = Vy = 10 Vdc and adjust P4 (load resistor) 


such that the output voltage is -10.00 volts 


4. Set Vx = Vy = -10 Vdc and check that Vo = -10V 


Repeat steps 1 through 4 as necessary. 
Divide 
Divide circuits warrant a special discussion as a result of their 
special problems. Classic feedback theory teaches that if a 
multiplier is used as a feedback element in an operational 
amplifier circuit, the divide function results. Figure 20 illus- 


trates the theoretical simplicity of such an approach and a 
practical realization is shown in Figure 21. 


The characteristic ‘‘failure’’ mode of the divide circuit is 
latch-up. One way it can occur is if Vx is allowed to go 
negative or, in some cases, if Vx approaches zero. 


Figure 20 illustrates why this is so. For Vx >0 the transfer 
function through the multiplier is non-inverting. Its output 
is fed to the inverting input of the op-ampl. Thus, operation 
is in the negative feedback mode and the circuit is dc stable. 


FIGURE 20 — BASIC DIVIDE CIRCUIT USING MULTIPLIER 


VZ2=-KVxVy 
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V2 
Vo 


Should Vx change polarity, the transfer function through 
the multiplier becomes inverting, the amplifier has positive 
feedback and latch-up results. The problem resulting from 
Vx being near zero is a result of the transfer through the 
multiplier being near zero. The op-ampl. is then operating 
with a very high closed loop gain and error voltages can thus 
become effective in causing latch-up. 

The other mode of latch-up results from the output voltage 
of the op-ampl. exceeding the rated common-mode input 
voltage of the multiplier. The input stage of the multiplier 
becomes saturated, phase reversal results, and the circuit is 
latched up. The circuit of Figure 21 protects against this 
happening by clamping the output swing of the op-ampl. to 
approximately + 10.7 volts. Five-percent tolerance, 10-voilt 
zeners are used to assure adequate output swing but still 
limit the output voltage of the op-ampl. from exceeding the 
common-mode input range of the MC 1594. 

Setting up the divide circuit for reasonably accurate opera- 
tion is somewhat different from the procedure.for the 
multiplier itself. One approach, however, is to break the 
feedback loop, null out the multiplier circuit, and then close 
the loop. 

A simpler approach, since it does not involve breaking the 
loop (thus making it more practical on a production basis), is: 


1. Set Vz = 0 volts and adjust the output offset potentio- 
meter (P3) until the output voltage (Vo) remains at 
some (not necessarily zero) constant value as Vy is varied 
between +1.0 volt and +10 volts. 

2. Maintain Vz at O volts, set Vx at +10 volts and ad- 
just the Y input offset potentiometer (P1) until Vo = 0 
volts. 


3. With Vx = Vz, adjust the X input offset potentiometer 
(P2) until the output voltage remains at some (not nec- 
essarily - 10 volts) constant value as Vz = Vy is varied 
between +1.0 volt and +10 volts. . 

4. Maintain Vx = Vz and adjust the scale factor potentio- 
meter (R__) until the average value of Vo is - 10 volts as 
Vz = Vx is varied between +1.0 volt and. +10 volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti- 
mum performance. 


Users of the divide circuit should be aware that the accuracy 
to be expected decreases in direct proportion to the denomi- 


FIGURE 21 — PRACTICAL DIVIDE CIRCUIT 
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FIGURE 22 — BASIC SQUARE ROOT CIRCUIT 
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nator voltage. As a result, if Vy is set to 10 volts and 0.5% 


accuracy is available, then 5% accuracy can be expected | 


when Vx is only 1 volt. 


In accordance with an earlier statement, Vx may have only 
one polarity, positive, while Vz may be either polarity. 


Square Root 


A special case of the divide circuit in which the two inputs 
to the multiplier are connected together results in the square 
root function as indicated in Figure 22. This circuit too 
may suffer from latch-up problems similar to those of the 
divide circuit. Note that only one polarity of input is allowed 
and diode clamping (see Figure 23) protects against accidental 
latch-up. 


This circuit too, may be adjusted in the closed-loop mode: 


1. Set Vz = -0.01 Vde and adjust P3 (output offset) for 
Vo = 0.316 Vdc. 


2. Set Vz to -0.9 Vdc and adjust P2 ("'X"’ adjust) for Vo = 
+3 Vdc. 


3. Set Vz to -10 Vdc and adjust P4 (gain adjust) for Vo = 
+10 Vdc. 


5.2 


Steps 1 through 3 may be repeated as necessary to achieve . 
desired accuracy. 


Note: Operation near zero volts input may prove very in- 
accurate, hence, it may not be possible to adjust Vg 
to 0 but rather only to within 100 to 400 mV of zero. 


AC APPLICATIONS 


Wideband Amplifier With Linear AGC 


If one input to the MC1594 is a dc voltage and a signal 
voltage is applied to the other input, the amplitude of the 
output signal can be controlled in a linear fashion by varying, 
the dc voltage. Hence, the multiplier can function as a dc 
coupled, wideband amplifier with linear AGC control. 


In addition to the advantage of Linear AGC control, the 
multiplier has three other distinct advantages over most other 
types of AGC systems. First, the AGC dynamic range is 
theoretically infinite. This stems from the basic fact that 
with zero volts dc applied to the AGC, the output will be 
zero regardiess of the input. In practice, the dynamic range 
is limited by the ability to adjust the input offset adjust 
potentiometers. By using cermet multi-turn potentiometers, 
a dynamic range of 80 dB can be obtained. The second 
advantage of the multiplier is that variation of the AGC volt- 
age has no effect on the signal handling capability of the 
signal port, nor does it alter the input impedance of the 
signal port. This feature is particularly important in AGC 
systems which are phase sensitive. A third advantage of the 
multiplier is that the output-voltage-swing capability and 
output impedance are unchanged with variations in AGC 
voitage. 


The circuit of Figure 24 demonstrates the linear AGC ampli- 
fier. The amplifier can handle 1 V(rms) and exhibits a gain 
of approximately 20 dB. It is AGC‘d through a 60 dB 
dynamic range with the application of an AGC voltage from 
0 Vdc to 1 Vdc. The bandwidth of the amplifier is deter- 
mined by the load resistor and output stray capacitance. For 
this reason, an emitter-follower buffer has been added to 
extend the bandwidth in excess of 1 MHz. 


Balanced Modulator 
When two-time variant signals are used as inputs, the result- 


FIGURE 23 — SQUARE ROOT CIRCUIT 
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ing Output is suppressed-carrier double-sideband modulation. 
In terms of sinusoidal inputs, this can be seen in the following 
equation: 


Vo =K(e4 coswmt) (e9 Coswet) 


where Wr is the modulation freyuency and we is the carrier 


frequency. This equation can be expanded to show the 
suppressed carrier or balanced modulation: 
Ke eo 
0-5 [cos(we + Wm) t t+ COS (We - Wmy)t) 


Unlike many modulation schemes, which are non-linear in 
nature, the modulation which takes place when using the 
MC 1594 is linear. This means that for two sinusoidal inputs, 
the output will contain only two frequencies, the sum and 
difference, as seen in the above equation. There will be no 
spectrum centered about the second harmonic of the carrier, 
or any multiple of the carrier. For this reason, the filter 
requirements of a modulation system are reduced to the 
minimum. Figure 25 shows the MC1594 configuration to 
perform this function. 


FIGURE 24 — WIDEBAND AMPLIFIER 
WITH LINEAR AGC 
-15V +15 V 
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Notice that the resistor values for Rx, Ry, and Ry, have 
been modified. This has been done primarily to increase the 
bandwidth by lowering the output impedance of the MC 1594 
and then lowering Rx and Ry to achieve a gain of 1. The 
€, can be as large as 1 volt peak and em as high as 2 volts 


peak. No output offset adjust is employed since we-are 
interested only in the ac output components. 


The input R’s are used to supply bias current to the multi- 

plier inputs as well as provide matching input impedance. 

The output frequency range of this configuration is deter- 

mined by the 4.7 k ohm output impedance and capacitive 

loading. Assuming a 6 pF load, the small-signal bandwidth 5.4 
is 5.5 MHz. 


The circuit of Figure 25 will provide a typical carrier rejection 
of >70 dB from 10 kHz to 1.5 MHz. 


FIGURE 25 — BALANCED MODULATOR 
+15 V -15V 
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The adjustment procedure for this circuit is quite simple. 
(1) Place the carrier signal at pin 10. With no signal 


applied to pin 9, adjust potentiometer P1 such that an ac 
null is obtained at the output. 


. (2) Place a modulation signal at pin 9. With no signal 


applied to pin 10, adjust potentiometer P2 such that an ac 
null is obtained at the output. 


Again, the ability to make careful adjustment of these offsets 
will be a function of the type of potentiometers used for 
P1 and P2. Multiple turn cermet type potentiometers are 
recommended. 


Frequency Doubler 
If for Figure 25 both inputs are identical; 


Cm = &c = Ecoswt 


Then the output is given by 


which reduces to 
E2 
Go > (1 + cos2ut) 


This equation states that the output will consist of a dc term 
equal to one half the peak voltage squared and the second 
harmonic of the input frequency. Thus, the circuit acts as a 
frequency doubler. Two facts about this circuit are worthy 
of note. First, the second harmonic of the input frequency 
is the only frequency appearing at the output. The funda- 
mental does not appear. Second, if the input is sinusoidal, 
the output will be sinusoidal and requires no filtering. 


The circuit of Figure 25 can be used as a frequency doubler 
with input frequencies in excess of 2 MHz. 
Amplitude Modulator 


The circuit of Figure 25 is also easily used as an amplitude 
modulator. This is accomplished by simply varying the input 
offset adjust potentiometer (P1) associated with the modu- 
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lation input. This procedure places a dc offset on the modu- 
lation input of the multiplier such that the carrier still passes 
thru the multiplier when the modulating signal is zero. 
The result is amplitude modulation. This is easily seen by 
examining the basic mathematical expression for amplitude 
modulation given below. For the case under discussion, 
with K = 1, 


Cg = (E + Ep COSwmt) (Ec cost) 


where E is the dc input offset adjust voltage. This expression 
can be written as: 


- @g = Eg [1 + Mcoswet] coswet 


where Eo = EE, 


Em 
and M = — = modulation index 


This is the standard equation for amplitude modulation. 
From this, it is easy to see that 100% modulation can be 
achieved by adjusting the input offset adjust voltage to be 
exactly equal to the peak value of the modulation, E,,. This 
is done by observing the output waveform and adjusting the 
input offset potentiometer, P1, until the output exhibits the 
familiar amplitude modulation waveform. 


Phase Detector 


lf the circuit of Figure 25 has as its inputs two signals of 
identical frequency but having a relative phase shift the out- 
put will be a dc signal which is directly proportional to the 
cosine of phase difference as well as the double frequency 
term. 


€c = Ec coswet 
Cm = Em coslwet +) 
Co = €clm = EcEm coSsWwet cos(wet + o) 


EcE 


or @o = [cosp + cos(2wet + >] 


The addition of a simple low pass filter to the output (which 
eliminates the second cosine term) and return of R_ to an 
offset adjustment potentiometer will result in a dc output 
voltage which is proportional to the cosine of the phase dif- 
ference. Hence, the circuit functions as a synchronous 
detector. 


DEFINITIONS OF SPECIFICATIONS 


Because of the unique nature of a multiplier, t.e., two inputs 
and one output, operating specifications are difficult to 
define and interpret. Indeed the same specification may be 
defined in several completely different ways depending upon 
which manufacturer is doing the defining. In order to clear 
up some of this mystery, the following definitions and 
examples are presented. 


Multiplier Transfer Function 


The output of the multiplier may be expressed by this 
equation: 


Vo =K(Vx + Viox -Vcoff) (Vy  Vioy -Vy off) + Voo (1) 


where K = scale factor (see 6.5) 


seee 


Vy = x" input voltage 
Vy = “Y’,input voltage 
Viox = ‘x’ input offset voltage 
Vioy = “‘y” input offset voltage 
Vx off = x" input offset adjust voltage 


X Offset 
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Vy off = vy” input offset adjust voltage 
Voo = output offset voltage 


The voltage transfer characteristic below indicates ‘’X”, my 
and output offset voltages. 


FIGURE 26 


Y Offset | 2 
Linearity 


Linearity is defined to be the maximum deviation of output 
voltage from a straight line transfer function. It is expressed 
as a percentage of full-scale output and is measured for Vx 
and Vy separately either using an X-Y"’ plotter (and checking 
the deviation from a straight line) or by using the method 
shown in Figure 1. The latter method nulls the output signal 
with the input signal, resulting in distortion Components 
proportional to the linearity. 


Vo 


Output 
Offset 


VX 


(Vy + 10V) 


Example: 0.35% linearity means 


VyV 
Vo= a + (0.0035) (10 volts) 


Input Offset Voitage 


The input offset voltage is defined from Equation (1). It is 
measured for V, and Vy separately and 1s defined to be that 
dc input offset adjust voltage (‘’x"’ or ‘‘y’’) that will result in 
minimum ac output when ac (5 Vpp, 1 kHz) is applied to the 
other input (‘’y’’ or ‘x’ respectively). From Equation (1) 
we have: 


Volac) = K (0+ Viox -Vx off) (sinest) 
adjust Vy off so that (+ Vigx -Vx off) = 9. 


Output Offset Current and Voltage 


Output offset current (log) is the dc current flowing in the 
output lead when Vy = Vy = O and ‘’X’'’ and ‘’Y”’ offset volt- 
ages are adjusted to zero. 


Output offset voltage (Vo ) is: 
Voo = loo Rt 
where Ry is the load resistance. 


Note: Output offset voltage is defined by many manufac- 
turers with all inputs at zero but without adjusting 
"xX" and “Y" offset voltages to zero. Thus it includes 
input offset terms, an output offset term and a scale 
factor term. 


Scale Factor 


Scale factor is the K term in Equation (1). It determines the 
‘gain’ of the multiplier and is expressed approximately by 
the following equation. 
2R- kT 
K = AoRw where R, and Ry >> — 
xRyl4 aly 


and 14 is the current out of pin 1. 


i 
| i ee EEE EEEEEENEESEEEE 
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6.6 


6.7 


6.8 


6.9 


6.10 


Total DC Accuracy 


The total dc accuracy of a multiplier is defined as error in 
multiplier output with dc (+10 Vdc) applied to both inputs. 
It is expressed as a percent of full scale. Accuracy is not 
specified for the MC 1594 because error terms can be nuiled 
by the user. 


Temperature Stability (Drift) 


Each term defined above will have a finite drift with tempera- 
ture. The temperature specifications are obtained by re- 
adjusting the multiplier offsets and scale factor at each new 
temperature (see previous definitions and the adjustment 
procedure) and noting the change. 


Assume inputs are grounded and initial offset voltages have 
been adjusted to zero. Then output voltage drift is given by: 


dVg = t(KEK (TCK) (4T) J { (TCV igy) (4T) JC (TeV 
(AT) ] + (TCV gq) (8T) 


ioy) 


Total DC Accuracy Drift 
This is the temperature drift in output voltage with 10 volts 


“applied to each input. The output is adjusted to 10 volts at 


Ta = +25°C. Assuming initial offset voltages have been 


adjusted to zero at Ta = +25°C, then: 


Vo = [KEK (TCK) (4T) 1] [10 + (TCViox) (2T) ] (10 + 


Power Supply Rejection 


Variation in power supply voltages will cause undesired 
variation of the output voltage. It is measured by super- 
imposing a 1-volt, 100-Hz signal on each supply (+15 V) 
with each input grounded. The resulting change in the out- 
put is expressed.in mV/V. 


Output Voltage Swing 

Output voltage swing capability is the maximum output 
voltage swing (without clipping) into a resistive load (note- 
output offset is adjusted to zero). 

If an op-ampl. is used, the multiplier output becomes a virtual 
ground — the swing is then determined by the scale factor 
and the op-ampl. selected. 


6.10 


GENERAL INFORMATION INDEX 


CIRCUIT DESCRIPTION 


Introduction 

Regulator 

Multiplier 

Differential Current Converter 


DC OPERATION 


Selection of External Components 
Operational Amplifier Selection 

Stability 

Offset Adjustment 

Offset and Scale Factor Adjustment Procedure 
Temperature Stability 

Bias Currents 

Parasitic Oscillation 


AC OPERATION 
General 

Bandwidth 
Slew-Rate 
Phase-Vector Error 
Circuit Layout 


DC APPLICATIONS 

Squaring Circuit 

Divide 

Square Root 

AC APPLICATIONS 

Wideband Amplifier with Linear AGC 
Balanced Modulator 

Frequency Modulator 

Amplitude Modulator 

Phase Detector 


DEFINITIONS OF SPECIFICATIONS 
Multiplier Transfer Function 
Linearity 

Input Offset Voltage 

Output Offset Current and Voltage 
Scale Factor 

Total DC Accuracy 

Temperature Stability (Drift) 

Total DC Accuracy Drift 

Power Supply Rejection 

Output Voltage Swing 
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—— Device Temperature Range Package 
MC1595L MC1495L 0°C to +70°C Ceramic DIP 


MC1595L —55°C to +125°C Ceramic DIP 


Specifications and Applications 
Information 


LINEAR FOUR-QUADRANT 
MULTIPLIER 


WIDEBAND MONOLITHIC 
FOUR-QUADRANT MULTIPLIER 


.. . designed for uses where the output is a linear product of two 
input voltages. Maximum versatility is assured by allowing the user 
to select the level shift method. Typical applications include: multi- 
ply, divide”, square root”, mean square”, phase detector, frequency 
doubler, balanced modulator/demodulator, electronic gain control. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


*When used with an operational amplifier. 
Wide Bandwidth . 


Excellent Linearity — 1% max Error on X-Input, 2% max Error on 
Y-Input — MC1595L 


Excellent Linearity — 2% max Error on X-Input, 4% max Error on 
Y-Input — MC1495L 


Adjustable Scale Factor, K 


(Top View) 


Excellent Temperature Stability ‘ 
ERAMIC PACKAGE 


CASE 632-02 
MO-001AA 


Wide Input Voltage Range — + 10 Volts 
+ 15 Volt Operation 


FIGURE 1 — FOUR-QUADRANT 
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH 


Ay, GAIN (dB) 


1.0 10 100 1000 


: o2 Output 
(KXY) 


X Input 
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ELECTRICAL CHARACTERISTICS (v* = +32v, V7 =-15 V, Ta = +25°C, 13 = 143 = 1 MA, Rx = Ry = 15 k&, 
Ry = 11 kQQ unless otherwise noted) 


Linearity: 
Output Error in Percent of Full Scale: 
TaA= +25°C 
-10< Vy < +10 (Vy =+10 V) MC1495 
MC1595: 


-10< Vy < +10 (Vx =+10 V) MC1495 
MC1595 


Ta = 0 to +70°C MC1495 
-10< Vx < +10 (Vy = +10 V) 
-10< Vy< +10 (Vx = +10 V) 
Ta = -55°C to +125°C MC1595 
-10< Vx < +10 (Vy =+10 V) 
-10< Vy< +10 (Vx =+10 V) 
Squaring Mode Error: 


Accuracy in Percent of Full Scate After 
Offset and Scale Factor Adjustment 


Tp = +25°C MC1495 
~MC1595 


Ta = 0 to +70°C MC1495 
Typ = -55°C to +125°C MC1595 
Scale Factor (Adjustable) 

2RL 
~ 13 Ry Ry 


Input Resistance MC1495 
(f = 20 Hz) MC1595 
MC 1495 

MC1595 


(K 


Differential Output Resistance (f = 20 Hz) 


Input Bias Current 


(lg + 149) (14 + Ig) 
Ib 3 Iby = 5 MC 1495 


MC1595 
MC1495 
MC1595 


Input Offset Current 
llg ~ 1421 MC1495 
MC1595 
ll4 — Igl MC 1495 
MC1595 
Average Temperature Coefficient of 
Input Offset Current 
(Ta = 0 to +70°C) MC1495 
(Ta = -55°C to +125°C) MC 1595 


Output Offset Current 
Ilqq- tl MC1495 
MC1595 
Average Temperature Coefficient of 
Output Offset Current 
(Ta = 0 to +70°C) MC1495 
(Ta = -55°C to +125°C) MC1595 


Frequency Response 
3.0 dB Bandwidth, R, = 11 kQ 
3.0 dB Bandwidth, R,_ = 50 82 (Transconductance Bandwidth) 
3° Relative Phase Shift Between Vx and Vy 
1% Absolute Error Due to Input-Output Phase Shift 


Common Mode Input Swing 
(Either Input) MC1495 
MC1595 


Common Mode Gain 
(Either Input) MC1495 
MC1595 
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MAXIMUM RATINGS (Tj, = +25°C unless otherwise noted) 


Applied Voltage 
(V2—V4, V14—V1, V1—Va, V1—-V 12, V1—-Va, 
V1—Vg, V12—-V7, V9—V7, Va—-V7. V4—-V7) 


Differential Input Signal 


Maximum Bias Current 


Power Dissipation (Package Limitation) 
Ceramic Package 
Derate above Tp = +25°C 


Operating Temperature Range 


MC1495 |. Oto +70 
MC1595 -55 to +125 


Storage Temperature Range -65 to +150 


TEST CIRCUITS 


FIGURE 4 — LINEARITY (USING NULL TECHNIQUE) 


0.1 pF ais 


Ry=27k RX =7.5k 


MC1595L 
(MC 1495L) 


OFFSET 
ADJUST 
SEE FIGURE 13 


SCALE 

FACTOR NOTES: 

ADJUST Adjust ‘Scale Factor Adjust” for a null in Ve. 
This schematic for illustrative purposes only ~ 
not specified for test conditions. 


Ry=15k Rx=15k 


Vs. 
RLI= 11k 
MC1595L 
(MC1495L) 
¥ 
OFFSET ADJUST. Aui= tik Vo Ct 
(SEE FIGURES 13 & 14) 14 
O 


R1Z=13.7k - 
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PLOTTER 
X-iNPUT 
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TEST CIRCUITS (continued) 


FIGURE 6 — INPUT AND OUTPUT CURRENT 


Ry =15k Rx =15k +32 V 


MC1595L 
(MC1495L) 


FIGURE 8 — OUTPUT RESISTANCE 


Ry=15k Ry =15k +32 V 


e2 
MC1595L 
(MC1495L) 
es 0.1 pF 
1.0 V (rms) ’ 
13.7k 20 Hz = 
SCALE 
FACTOR 
ADJUST. Ro= el 
= ~15V 2 
FIGURE 10 — BANDWIDTH (R, = 50 £2) 
Ry=510 Rx =510 id 


ein = 1.0 V (rms) 


MC1595L 
(MC1495L) 


SCALE 
FACTOR 
ADJUST. 


FIGURE 7 — INPUT RESISTANCE 432 V 
e, = 1.0 V (rms) 


Ry =15k Rx = 15k 
20 Hz 


MC1595L 
(MC1495L) 


FIGURE 9 — BANDWIDTH (Ry, = 11 kQ2) 


RY =15k Rx = 15k +32 V 


ejn = 1.0 V (rms) 


ein 


MC1595L 
(MC1495L) 


SCALE = il 
FACTOR => Cs3,0pF 
ADJUST. = eae 


ede 


= -15V ™ 


FIGURE 11 — COMMON-MODE GAIN and 
COMMON-MODE INPUT SWING 


15k 15 k +32 V 


CMVx 
(f = 20 Hz) 


MC1595L 
(MC1495L) 


Vo 
ACM = 20 log CMVy 


= 20 toq —o— 
-15V or ed CMV 
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TEST CIRCUITS (continued) 


FIGURE 12 — POWER SUPPLY SENSITIVITY FIGURE 13 — OFFSET ADJUST CIRCUIT 


+32 V 15k 15k +382 V 


yt 


MC 1595. 
(MC 1495L) 


TO PINS ee POT Fe a PIN IZ 
1N753 o> ae 
62V Y OFFSET ADJ 10k 10k X OFFSET ADJ 
0.1 pF 
15V |32V 
N2905A IA (Vo1 — Voa)l rR | 10 
OR EQUIV ae: ae 
-15.V 
-15V “15 V S- = |A (Vo1 — Vo2)| 
AV- 


FIGURE 14 — OFFSET ADJUST CIRCUIT (ALTERNATE) 


yt 


PIN 8 ead ? TO PINTZ 

TO PI 

Y OFFSET ADJ Wk 10k X OFFSET ADJ 
15 V | 32V 

[R | 2k [51k 


-15V 
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TYPICAL CHARACTERISTICS 


FIGURE 15 — LINEARITY versus TEMPERATURE FIGURE 16 — SCALE FACTOR versus TEMPERATURE 


Erx, Ery, LINEARITY (%) 
K, SCALE FACTOR 


~55 -25 0 +25 +50 +75 +100 = +125 -55 -25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) . TA, AMBIENT TEMPERATURE (°C) 
FIGURE 17 — ERROR CONTRIBUTED BY FIGURE 18 — ERROR CONTRIBUTED BY 
INPUT DIFFERENTIAL AMPLIFIER INPUT DIFFERENTIAL AMPLIFIER 


Vx = Vy = 5.0 V Max 


Vx = Vy =£10 V Max 
| | 
13 = 143 = 1.0 mAdc 


| | 
13 = 173 = 1.0 mAdc 


ERROR, PERCENT OF FULL SCALE (%) 
ERROR, PERCENT OF FULL SCALE (%) 


4.0 6.0 8.0 10 12 14 
Rx OR Ry (k OHMS) Rx OR Ry (k OHMS) 


FIGURE 19 — MAXIMUM ALLOWABLE INPUT VOLTAGE versus VOLTAGE AT PIN 1 OR PIN 7 


[Vx] OR |Vy|, MAX (Vpeak) 
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OPERATION AND APPLICATIONS INFORMATION 


1. Theory of Operation © 


The MC1595 (MC1495) is a monolithic, foursquadrant multi- 
plier which operates on the principle of variable transconductance. 
The detailed theory of operation is covered in Application Note 
AN-489, Analysis and Basic Operation of the MC1595. The result 
of this analysis is that the differential output current of the multi- 
plier is given by 


2VxVy 
In -lg = 41 = =—— 
RxRy!3 
where |, and Ip are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminals. 


2. Design Considerations 
2.1 General 


The MC1595 (MC1495) permits the designer to tailor the 
multiplier to a specific application by proper selection of ex- 
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e.g. maximum output voltage swing). 
Each important parameter is discussed in detail in the following 
paragraphs. : 


2.1.1 Linearity, Output Error, Eryx or Erny 


Linearity error is defined as the maximum deviation of out- 
put voltage from a straight line transfer function. It is expressed 
as error in percent of full scale (see figure below). 


For example, if the maximum deviation, VE(max), |S 
+100 mV and the full scale output is 10 volts, then the 
percentage error is 


V ee 
ae ee! 400 = 100 8 IO 200 Se 0%: 


Vo(max) — 10 


Linearity error may be measured by either of the following 
methods: 
1. Usingan X — Y plotter with the circuit shown in Figure 5, 
obtain plots for X and Y similar to the one shown above. 
2. Use the circuit of Figure 4. This method nulls the level 
shifted output of the multiptier. with the original input. 
The peak output of the null operational amplifier will be 
equal to the error voltage, VE(max)- 
One source of linearity error can arise from large signal non- 
linearity in the X and Y-input differential amplifiers. To avoid 
introducing error from this source, the emitter degeneration 


resistors Ry and-Ry must be chosen large enough so that non-— 


linear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of Rx and Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (i.e., 13 = 143 = 1.0 mA). 


2.1.2 3 dB-Bandwidth and Phase Shift 


Bandwidth is primarily determined by the load resistors and 
the stray multiplier output capacitance and/or the operational 
amplifier used to level shift the output. If wideband operation 
is desired, low value load resistors and/or a wideband operational! 
amplifier should be used. Stray output capacitance will depend 
to a large extent on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 
phase shift common to both X and Y channels (due to the load 
resistor-output capacitance pole mentioned above) and relative 
phase shift between X and.Y channels (due to differences in 
transadmittance in the X and Y channels). !f the input to output 
phase shift is only 0.6°, the output product of two sine waves 
will exhibit a vector error of 1%. A 3° relative phase shift be- 
tween Vy and Vy results in a vector error of 5%. 


2.1.3 Maximum Input Voltage 


VxX(max)» VY¥ (max) Maximum input voltages must be such 
that: 


Vx(max) <!13 Ry 
Vy(max) <!3 Ry. 


Exceeding this value will drive one side of the input amplifier to 
“cutoff’’ and cause non-linear operation. 

Currents 13 and 143 are chosen at a convenient value (observ- 
ing power dissipation limitation) between 0.5 mA and 2.0 mA, 
approximately 1.0mA. Then Rx and Ry can be determined by 
considering the input signal handling requirements. 


For Vx(max) = VY(max) = 10 volts; 
10 V 


Rx =Ry> = 10k22. 
a Y~ 4.0 mA 
2VxVy 
The equation Ia - |g = 
RxRyl3 
; , , 2VxVy 
is derived from !,a - lB = 
kT 2k 
ings )(Ry + ——) 1 
14 
sy 2kT 
alg 


At Ty = +25°C and 143 = 13 = 1mA, 


OO ee ano, 


Therefore, with Rx = Ry = 10k the above assumption is valid. 
Reference to Figure 19 will indicate limitations of Vx (max) OF 
VY (max) due to V4 and V7. Exceeding these limits will cause 
saturation or “cutoff” of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 


2.1.4 Maximum Output Voltage Swing 


The maximum output voltage swing is dependent upon the 
factors mentioned below and upon the particular circuit being 
considered. 

For Figure 20 the maximum output swing is dependent 
upon v* for positive swing and upon the voltage at pin 1 for 
negative swing. The potential at pin 1 determines the quies- 
cent level for transistors O5, Qg, Q7, and Qg. This potential 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. See Section 3 for further inform- 
ation regarding selection of these potentials. 


FIGURE 20 — BASIC MULTIPLIER 


Vt 


Vx | 
| Vo 
MCTS95L at 
(MC1495L) 
VY | Vo =K Vx Vy 
2R 
Koos 
Rx Ry 13 


- ~” V- 


If an operational amplifier is used for level shift, as shown 
in Figure 21, the output swing (of the multiplier) is greatly 
reduced. See Section 3 for further details. 


3. General Design Procedure 


Selection of component values is best demonstrated by the 
following example: assume resistive dividers are used at the X and 
Y inputs to limit the maximum multiplier input to +5.0 volts (Vx = 
Vy [max}) for a +10-volt input (Vx‘ = Vy [max] ). (See Figure 21). 
if an overall: scale factor of 1/10'is desired, then 


give vx’ Vy" {2¥x) (2VY) _ ano vyvy. 
o- 40 10 


Therefore, K = 


4/10 for the multiplier (excluding the divider 
network). pet 


Step 1. The first step is to select current 3 and current 143. 
There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. 13 and 143 will normally 
be one or:two milliamperes. Further, 13 does not have to be equal 
to 143, and there is normally no need to make them different. For 
this example, let 


4, Ig=l43=1mA 
To set currents 13 and 143 to the desired value, it is only 


necessary to connect a resistor between pin 13 and ground, and be- 
tween pin 3 and ground. From the schematic shown in Figure 3, 


FIGURE 21 — MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 


-15V -15V 
+15 V 
Ro 0.1 pF 
ay 0.1 pF 
A ae 
10k 4 
v'y 0 O O 
Vy T" 
10k 6 
MC1595L O eo 
(MC1495L) ° 10 
10k 9 
v'x 0 O O . 
Vx 
10k O 
39 fis 130 fis O O12 
= 12k 18k Rt 
R3 R13 
ak 12k RL bs 
OUTPUT 
ats OFFSET 
FACTOR oa 
ADJUST = = oe 
“WV <VX <t10V Y OFFSET X OFFSET 
-10V<Vy<+10V ADJUST ADJUST 
+16V “SV 
10k 
5.1V 5.1V 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


it can be seen that the resistor values necessary: are given by: 


R13 +500 9 = M107 Vv 
113 
R3+ 500 2 = Watery 
« 13 | 
‘Let V7=-15V . 


143V_. 
Then R42+ 500 = or R42 = 13.8 k2 
13 aa 13 


Let R73=12k2_ 
Similarly, R3 = 13.8k2 | 
Let Rg = 15k2 


However, for applications which require an accurate scale factor, 
the adjustment of R3 and consequently, 13, offers a convenient 
method of making.a final trim of the scale factor. For this reason, 
as shown in Figure 21, resistor R3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiring an exact scale factor (balanced 
modulator, frequency doubler, AGC amplifier, etc.), pins 3 and 13 
canbe connected together and a single resistor trom pin 3 to ground 
can be used. In this case, the single resistor would have a value of 
one-half the above calculated value for R43. 


Step 2. The next step is to select Rx and Ry. To insure 
that the input transistors will always be active, the following condi- 
tions should be met: 


V 
ee 


V 
ae <l3- 
Rx Ry 


A good rule of thumb is to make I3Ry 2 1.5 Vy(max) and 
143 RX > 1.5 Vx(max)- 


The larger the IgRy and 143R x product in relation to Vy 


and Vx respectively, the more accurate the multiplier will be (see 
Figures 17 and 18). 


Let Ry = Ry = 10k2 
Then IaRy = 10V 
143Rx=10V 


since Vx(max) = VY (max) = 9-0 volts the value of Rx = Ry = 10 kQ 
is sufficient. 


Step 3. Now that Rx, Ry and 13 have been chosen, Ry can 
be determined: : 


or (2) (Rv) 
(10 k) (10k) (1 mA) — 10 


Thus Ry = 20k. 


Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. From the circuit schematic it can be seen that 
in order to maintain transistors Q1, Q9, Q3 and Qg in an active 


region when the maximum input voltages are applied (Vy’ = Vy‘ = 
10 Vor Vx = 5.0 V, Vy = 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. It should also be noticed that the collector voltage 
of transistors Q3 and Og are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about 
two volts higher than the maximum input voltage. Therefore, to 
handle +5.0 volts at the inputs, the voltage at pin 1 must be at least 
+7.0 volts. Let Vz =9.0 Vdc. 

Since the current following into pin 1 is always equal to 
213, the voltage at pin 1 can be set by placing a resistor, Rq from 
pin 1 to the positive supply: 


+ 
_V ~V4 
2l3 


R4 


Let vt=+15V 


Then R oY ON. 
1 21 mA) 


Rz=3kQ. 


Note that the voltage at the base of transistors Os, Og, Q7 and Og 
is one diode-drop below the voltage at pin'1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 should be 
approximately halfway between the voitage at pin 1 and the positive- 
supply voltage. For this example, the voltage at pins 2 and 14 should 
be approximately 11 volts. 


Step 5. Level Shifting 


For dc applications, such as the multiply, divide and square- 
root functions, it is usually desirable to convert the differential 
Output to a single-ended output voltage referenced to ground. 
The circuit shown in Figure 22 performs this function. It can be 
shown that the output voltage of this circuit is given by: 


Vo = (12-144) Rv 


| Qlyly 2VxVy 
And since la -lgp =la-l14 = I3 IgRxRy 
2RLVx'Vy' | 


4RyxRxI3 where Vx‘Vy’ is the voltage at the 
input to the voltage dividers. 


Then Vo ee 


FIGURE 22.— LEVEL SHIFT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


The choice of an operational amplifier for this application 
should have low bias currents, low offset current, and a high 
common-mode input voltage range as well as a high common-mode 
rejection ratio. The MC1556, and MC1741 operational amplifiers 
meet these requirements. 

Referring to Figure 21, the level shift components will be de- 
termined. When Vx = Vy = 0, the currents I and 144 will be equal 
tol43. InStep 3, Ry was found to be 20 kQ and in Step 4, Vo and 
V14 were found to be approximately 11 volts. From this informa- 
tion, Rg can be found easily from the following equation (neglect- 
ing the operational amplifiers bias current): 


V2 vt -V> 
Rt Ro 
And for this example, 11 V 15V-11V 
eee AS 
20 kD Ro 


Solving for Rg, Ro = 2.6 k2 

Thus, select Rg = 3.0k2 

For Ro = 3.0 kQ, the voltage at pins 2 and 14 is calculated to be 
V2 = V14 = 10.4 volts. 


The linearity of this circuit (Figure 21) is likely to be as good 
or better than the circuit of Figure 5. Further improvements are 


possible as shown in Figure 23 where Ry has been increased sub- 
stantially to improve the Y linearity, and Ry decreased somewhat 
sO as not to materially affect the X linearity, this avoids increasing 
RL significantly in order to maintain a K of 0.1. 

The versatility of the MC1595 (MC1495) allows the user to 
to optimize its performance for various input and output signal 
levels. 


4. Offset and Scale Factor Adjustment 


4.1 Offset Voltages 

Within the monolithic multiplier (Figure 3) transistor base- 
emitter junctions are typically matched within 1 mV and resistors 
are typically matched within 2%. Even with this careful match- 
ing, an output error can occur. This output error is comprised 
of X-input offset voltage, Y-input offset voltage, and output- 
offset voltage. These errors can be adjusted to zero with the tech- 
niques shown in Figure 21. Offset terms can be shown ana- 
lytically by the transfer function: 


Vo = K(Vx + VioxtV x off) (Vy £ ViovtVy off) + Voo (1) 


Where K = scale factor 
' Vx ~~ = X input voltage 
VY ‘=Y input voltage 


ViOx =X input offset voltage 
VIOY = Y input offset voltage 
Vx off= X input offset adjust voltage 
Vy off= Y input offset adjust voltage 
Voo = Output offset voltage. 


FIGURE 23 — MULTIPLIER WITH IMPROVED LINEARITY 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


X, Y and Output Offset Voltages 


Output 
Offset 


Output 
Offset 


X Offset Y Offset 


For most dc applications, all three offset adjust potentiome- 
ters (Py, Pz, P4) will be necessary. One or more offset adjust 
potentiometers can be eliminated for ac applications (See Figures 
28, 29, 30, 31). 

If well regulated supply voltages are available, the offset ad- 


just circuit of Figure 13 is recommended. Otherwise, the circuit : 


of Figure 14 will greatly reduce the sensitivity to power supply 
changes. 


4.2 Scale Factor 


The scale factor, K, is set by P3(Figure 21). P3 varies 13 which 
inversely controls the scale factor K. It should be noted that 
current |3 is one-half the current through Rj. Ry sets the bias 
level for Qs, Qg, Q7, and Og (See Figure 3). Therefore, to be 
sure that these devices remain active under all conditions of input 
and output swing, care should be exercised in adjusting P3 over 
wide voltage ranges (see Section 3, General Design Procedure). 


4.3 Adjustment Procedures 


The following adjustment procedure should be used to null 
the offsets and set the scale factor for the multiply mode of 
Operation. (See Figure 21) 


1. X Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“Y" input (pin 4) 

(b) Connect ‘’X"’ input (pin 9) to ground 

(c) Adjust X offset potentiometer, Pz, for an ac null 
at the output 
2. Y Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“xX” input (pin 9) 

(b) Connect ““Y” input (pin 4) to ground 

(c) Adjust ‘“Y”’ offset potentiometer, P4,for an ac null 
at the output ; 
3. Output Offset 

(a) Connect both “X" and "“Y” inputs to ground 

(b) Adjust output offset potentiometer, P4, until the 
output voltage Vo is zero volts dc 
4. Scale Factor 

(a) Apply +10 Vdc to both the “X” and “Y” inputs 

(b) Adjust P3 to achieve + 10.00 V at the output. 
5. Repeat steps 1 through 4 as necessary. 


The ability to accurately adjust the MC1595 (MC1495) 
depends upon the characteristics of potentiometers P4 
through Pq. Multi-turn, infinite resolution potentiomet- 
ers with low-temperature coefficients are recommended. 


5. DC Applications 


5.1 Muitiply 

The circuit shown in Figure 21 may be used to multiply 
signals from dc to 100 kHz. Input levels to the actual multi- 
plier are 5.0 V (max). With resistive voltage dividers the maxi- 
mum could be very large — however, for this application two- 
to-one dividers have been used so that the maximum input 
level is 10 V. The maximum output level has also been designed 
for 10 V (max). 


5.2 Squaring Circuit 


If the two inputs are tied together, the resultant function is 
squaring; that is Vo = KV2 where K is the scale factor. Note 
that all error terms can be eliminated with only three adjustment . 
potentiometers, thus eliminating one of the input offset adjust- 
ments. Procedures for nulling with adjustments are given as 
follows: os 


1. AC Procedure: 

(a) Connect oscillator (1 kHz, 15 Vpp) to input 

(b) Monitor output at 2 kHz with tuned voltmeter 
and adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 

(c) Tune voltmeter to 1 kHz and adjust P4 for a min- 
imum output voltage 

(d) Ground input and adjust Pq (output offset) for 
zero volts dc output 

(e) Repeat steps a through d as necessary. 
2. DC Procedure: 

(a) Set Vx = Vy = 0 V and adjust Pq (output offset 
potentiometer) such that Vg = 0.0 Vdc 

(b) Set Vx = Vy = 1.0 V and adjust Py (Y ‘input 
offset potentiometer) such that the output voltage is 
+0.100 volts 

(c) Set Vx = Vy = 10 Vde and adjust P3 such that the 
output voltage is + 10.00 volts 

(d) Set Vx = Vy =-10 Vdc. Repeat steps a through 
d as necessary. 


FIGURE 24 — BASIC DIVIDE CIRCUIT 


5.3 Divide Circuit 


Consider the circuit shown in Figure 24 in which the multi- 
plier is placed in the feedback path of an operational amplifier. 


' For this configuration, the operational amplifier will maintain 


a ‘virtual ground” at the inverting (-) input. Assuming that the 
bias current of the operational amplifier is negligible, then 4 = 
la and 


Ri R2 
-R1 Vz (2) 
Solving for Vy, Vy R2K vx 
If R1=R2 
-Vz 
Vos 
M KVx (3) 
If R1=KR2 
-VZ 
Vy=——°* (4) 
Vx 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


Hence, the output voltage is the ratio of Vz to Vx and provides 
adivide function. This analysis is, of course, the ideal condition. 
lf the multiplier error is taken into accou nt, the output voltage 


is found to be 


where 4E is the error voltage at th 
From this equation, it is seen that 


dependent upon the accuracy at which the multiplier can be 


set, particularly at small values of 


that Ri = R2, and K = 1/10. For these conditions the output 


of the divide circuit is given by: 


-10Vz  104E 
ee © . 


From equation 7, the percentage error is inversely related to 
voltage V7 (i.e., for increasing values of Vz, the percentage 
error decreases). 

A circuit that performs the divide function is shown in 
Figure 25. 


SE Two things should be emphasized concerning Figure 25. 
KVx (5) 1. The input voltage (V’x) must be greater than zero and 
must be positive. This insures that the current out of 
Sa: pin 2 of the multiplier will always be in a direction com- 
e output of the multiplier. ; ‘ 
divide accuracy is strongly patible with the polarity of Vz. 
2. Pins 2 and 14 of the multiplier have been interchanged 


Vy. For example, assume in respect to the operational amplifiers input terminals. 


In this instance, Figure 25 differs from the circuit connec- 
tion shown in Figure 21; necessitated to insure negative 
feedback around the loop. 


Vy = 7 (6) A Suggested Adjustment Procedure for the Divide Circuit 
V 
m x 1. Set Vz = 0 volts and adjust the output offset potentio- 
meter (Pq) until the output voltage (Vg) remains at some 
From equation 6, it is seen that only when Vy = 10 V is the (not necessarily zero) constant value as Vy’ is varied 
error voltage of the divide circuit as low as the error of the between +1.0 volt and +10 volts. 
multiply circuit. For example, when Vx is small, (0.1 volt) 2. Keep Vz at 0 volts, set Vx‘ at +10 volts and-adjust the 
the error voltage of the divide circuit can be expected to bea Y input offset potentiometer (P4) until Vo = 0 volts. 
hundred times the error of the basic multiplier circuit. ee ; ; ; 
In terms of percentage error, 3. Let Vy’ = VZ and adjust the X input offset potentio- 
meter (P) until the output voltage remains at some (not 
necessarily - 10 volts) constant value as Vz = Vy’ is 
percentage error = ad lee 100% varied between +1.0 and +10 volts. 
actual : 
ss 4. Keep Vyx‘'= Vz and adjust the scale factor potentiometer 
or from equation (5), (P3) until the average value of Vo is - 10 volts as Vz = 
Vx’ is varied between +1.0 volt and +10 volts. 
5. Repeat steps 1 through 4 as necessary to achieve opti- 


10k 
10k 9 
v'x © 
10k 3¢ 
= 13k 
5k 
SCALE Fs 
FACTOR 
ADJUST = 


mum performance. 


(7) 5.4 Square Root 
A special case of the divide circuit in which the two inputs to 


the multiplier are connected together is the square root function 


FIGURE 25 — DIVIDE CIRCUIT 


-15V 


+15 V 
3k 3k 
3 
e e 
MC1595L Vo 
(MC1495L) 
-10 Vz 
Vo = 
2 2 Vx 
O) O) 
13.0 89 120 01 
Vz 
18 k 20 k 
12k TO OFFSET 
ADJUST 5k OEEcER 0<Vx<+10V 
- < < 
(SEE FIGURE 13) A TUUST 10V<Vz<+10V 
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FIGURE 26 — BASIC SQUARE ROOT CIRCUIT 


MC1595L 
(MC 1495L) 


VZ 


Vo 


as indicated in Figure 26. This circuit may suffer from 
latch-up problems similar to those of the divide circuit. Note 
that only one polarity of input is allowed and diode clamping 
(see Figure 27) protects against accidental latch-up. 

This circuit also may be adjusted in the closed-loop mode as 
follows: 


1. Set Vz to -0.01 volts and adjust P4 (output offset) for 
Vo = +0.316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out- 
put diode clamping. 


2. Set Vz to -0.9 volts and adjust Po (X adjust) for Vo = 
+3.0 volts. 


3. Set Vz to - 10 volts and adjust P3 (scale factor adjust) 
for Vo = +10 voits. 


4. Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 


6. 


AC Applications 
The applications that follow demonstrate the versatility of the 


monolithic multiplier. If a potted multiplier is used for these 
cases, the results generally would not be as good because the potted 
units have circuits that, although they optimize de multiplication 
operation, can hinder ac applications. 


6.1 Frequency doubling often is done with a diode where the 
fundamental plus aseries of harmonics are generated. However, 
extensive filtering is required to obtain the desired harmonic, 
and the second harmonic obtained under this technique usually 
is small in magnitude and requires amplification. 

When a multiplier is used to double frequency the second 
harmonic is obtained directly, except for adc term, which can 
be removed with ac coupling. 


ey = KE2 cos2 wt 
2 
€n = SS (1 + cos 2wt), 


A potted multiplier can be used to obtain the double fre- 
quency component, but frequency would be limited by its 
internal level-shift amplifier. {In the monolithic units, the ampli- 
fier is omitted. 

In a typical doubler circuit, conventional + 15-volt supplies 
are used. An input dynamic range of 5.0 voits peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre- 
quency; less than 1% distortion is encountered without filtering. 
The configuration has been successfully used in excess of 200 
kHz; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. 

A slightly modified version of the MC1595 (MC1495) — 
the MC1596 (MC1496) — has been successfully used as a doubler 
to obtain 400 MHz. (See Figure 28.) 

6.2 Figure 29 represents an application for the monolithic 
multiplier as a balanced modulator. Here, the audio input signal 
is 1.6 kHz and the carrier is 40 kHz. 


FIGURE 27 — SQUARE ROOT CIRCUIT 
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FIGURE 28 — FREQUENCY DOUBLER 


Ry Rx 
8.2k 8.2 k Vec=t15V 


MC1595L 
OFFSET (MC1495L) 


ADJUST 


7 Ci* 
*SELECT i 


£2 
2&9 ~ ap 884 wt 


a -15V 


When two equal cosine waves are applied to X and Y, 
the result is a wave shape of twice the input frequency. 
For this example the input was a 10 kHz signal, output 
was 20 kHz. 


FIGURE 29 — BALANCED MODULATOR 
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ey = E coswmt @ 


ex = E cos wet 
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AUDIO 1.6 kHz 
CARRIER 40 kHz 


The defining equation for balanced modulation is 


K(E ry COs Wt) (E, cos wet) = 


KE Em 


= [cos (we + Wm) t t+ cos (we — wp)t] 
where we is the carrier frequency, wr, is the modulator fre- 
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for level trans- 
lation or an operational amplifier: a higher operating frequency 
results. 

A problem common to communications is to extract the 
intelligence from single-sideband received signal. The ssb signal 
is of the form 


and if multiplied by the appropriate carrier waveform, cos wet, 


AK 
€ssb€carrier = oe [cos (2we + Wry)t + cos (w,)t]. 


If the frequency of the band-limited carrier signal, v¢, is ascer- 
tained in advance the designer can insert a low-pass filter and 
obtain the (AK/2) (cos wet) term with ease. He also can use an 
operational amplifier for a combination level shift-active filter, 
as an external component. But in potted multipliers, even if 
the frequency range can be covered, the operational amplifier 
is inside and not accessible, so the user must accept the level 
shifting provided, and still add a low-pass filter. 


6.3 Amplitude Modulation 


The multiplier performs amplitude modulation, similar to 
balanced modulation, when adc term is added to the modulating 
signal with the Y offset adjust potentiometer. (See Figure 30.) 


Here, the identity is 
Em(1 + m cos wmt) Ee, cos wet = KEmE cos wet + 


KEmEcm 
———— [cos(we + Wr)t + cos (We - Wry)t] 


where m indicates the degree of modulation. Since m is adjust- 
able, via potentiometer P4, 100% modulation is possible. With- 
Out extensive tweaking, 96% modulation may be obtained where 
We and Wry are the same as in the balanced-modulator example. 


6.4 Linear Gain Control . 


To obtain tinear gain control, the designer can feed to one’ 


of the two MC1595 (MC1495) inputs a signal that will vary the 
unit’s gain. The following example demonstrates the feasibility 
of this application. Suppose a 200 kHz sine wave, 1.0 voit 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Vc is 0 to +1.0 volt. 
These must be ascertained and the proper values of Rx and Ry 
can be selected for optimum performance. For the 200-kHz 
operating frequency, load resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, but gain was 
sacrificed. |t may be made up with an amplifier operating at the 
appropriate frequency. (See Figure 31.) 
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FIGURE 30 — AMPLITUDE MODULATION 
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The signal is applied to the unit’s Y input. Since the total 
input range is limited to 1.0 volt p-p, a 2.0-volt swing, a current 
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y-channel. 

Since the X input varies between 0 and +1.0 volt, the current: 
source selected was 1.0 mA and the Rx value chosen was 2.0 
kilohms. This also insures linear operation over the X input 
dynamic range. 

Choosing Ri = 100 assures wide-bandwidth operation. Hence, 
the scale factor for this configuration is 


Re 
K="RxRyl3 
? 100 = 
(2 k)(1k)(2 x 10*3) 


The 2 in the numerator of the equation is missing in this scale- 
factor expression because the output is single-ended and ac 
coupled. : 

To recover the gain, an MC1552 video amplifier with a gain 
of 40 is used. An operational amplifier also could have been 
used with frequency compensation to allow a gain of 40 at 
200 kHz. The MC1539 operational amplifier can be tailored for 
this use; and the MC1520 operational amplifier does it directly. 


FIGURE 31 — LINEAR GAIN CONTROL 
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Linear gain control of a 1-volt peak-to-peak signal is 
performed with a 0-to-1-volt control voltage. If Vc is 
0.5 volt the output will be 0.5 volt p-p. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1496G o°c to +70°C Metal Can 
MC1496L O°C to +70°C Ceramic DIP ries 
MC1496P O°C to +70°C Plastic DIP 
MC1596G —55°C to +125°C Metal Can 
MC1596L —55°C to +125°C Ceramic DIP 


Specifications and Applications 
Information | 


BALANCED 
MODULATOR — DEMODULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
WS CASE 603-04 


= 


BALANCED MODULATOR — DEMODULATOR 


. . . designed for use where the output voltage is a product of an 
input voltage (signal) and a switching function (carrier). Typical 
applications include suppressed carrier and amplitude modulation, 
synchronous detection, FM detection, phase detection, and chopper 
applications. See Motorola Application Note AN-531 for additional 


design information. 


@ Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz 
— 50 dB typ @ 10 MHz 

@ Adjustable Gain and Signal Handling 

@ Balanced Inputs and Outputs 

@ High Common-Mode Rejection — 85 dB typ 
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SUPPRESSED-CARRIER L SUFFIX 
OUTPUT WAVEFORM CERAMIC PACKAGE 
| CASE 632-02 


P SUFFIX 
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MAXIMUM RATINGS* (T, = +25°C unless otherwise noted) 


| Applied Voitage 
(Vg - V7, Vg - V1,Vg— V7, V9 - Vg, V7-Vq4.V7- V1. 
Vg ~ V4. V6 _ Veg, V2 — V5, V3- V5) 


Differential {nput Signal 


Maximum Bias Current 


Thermal Resistance, Junction to Air 
Ceramic Dual In-Line Package 
Plastic Dual In-Line Package 
Metal Package 


Operating Temperature Range 


MC 1496 Oto +70 
MC 1996 _ -55 to +125 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS* (Vcc = +12 Vdc, Veg = -8.0 Vde, I5 = 1.0 mAdc, Ry = 3.9 k82, Re = 1.0 kQ, 
Ta = +25°C unless otherwise noted) (All input and output characteristics are single- -ended unless otherwise noted.) . 


(etree tT sv [i [rv [i [Wi [re [oo 


Carrier Feedthrough VCFT uVi(rms) 
Vc = 60 mVirms) sine wave and fo = 1.0 kHz 
offset adjusted to zero fo = 10 MHz a 
0. oa 
BW3aB 
Signal Input Port, Vg = 300 mV (rms) sine wave 
IVcl = 0.5 Vde 


Signal Gain 2.5 3.5 2.5 3.5 
Vg = 100 mV(rms), f = 1.0 kHz; |Vcl = 0.5 Vde 


Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 
Parallel Input Resistance 
Parallel Input Capacitance 


Vc = 300 mVp-p square wave: 
offset adjusted to zero 
offset not adjusted 


mV (rms) 


Carrier Suppression 
fs = 10 kHz, 300 mV(rms) 

fo = 500 kHz, 60 mV(rms) sine wave 

fo = 10 MHz, 60 mV(rms) sine wave 


Transadmittance Bandwidth (Magnitude) (R__ = 50 ohms) 
Carrier Input Port, Vc = 60 mV(rms) sine wave 
fg = 1.0 kHz, 300 mV(rms) sine wave 


Single-Ended Output Impedance, f = 10 MHz 
Parallel Output Resistance 
Paraliel Output Capacitance 


Input Bias Current 
Iy+1q ™ 7 i7+lg 


Ibs = 


Input Offset Current 
lios = 14. - 14; ioc = 17 - Ig 


Average Temperature Coefficient of Input Offset Current 


ITCyio| 2.0 2.0 nA/°C | 
(Ta = -55°C to +125°C) 
Output Offset Current 50 
(1g - Ig) 
Average Temperature Coefficient of Output Offset Current ITCigol nA/°C 
(Tp = -55°C to +125°C) 


Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 


Pe eee 

Common-Mode Gain, Signal Port, fg = 1.0 kHz, ACM -85 -85 
Ne o3 | ee Ie eee. 
a 


Differential Output Voltage Swing Capability 


Power Supply Current 
lg t+lg 

110 

DC Power Dissipation 


* Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or 


ceramic packaged devices refer to the first page of this specification sheet. 
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GENERAL OPERATING INFORMATION * 


Note 1 — Carrier Feedthrough 


Carrier feedthrough is defined as the output voltage at carrier 
frequency with only the carrier applied (signal voltage = 0). 

Carrier null is achieved by balancing the currents in the differ- 
ential amplifier by means of a bias trim potentiometer (Ri of 
Figure 5). 


Note 2 — Carrier Suppression 


Carrier suppression is defined as the ratio of each sideband out- 
put to carrier output for the carrier and signal voltage levels speci- 
fied. 

Carrier suppression is very dependent on carrier input level, as 
shown in Figure 22. A low value of the carrier does not fully 
switch the upper switching devices, and results in lower signal 
gain, hence lower carrier suppression. A higher than optimum car- 


rier level results in unnecessary device and circuit carrier feed-- 


through, which again degenerates the suppression figure. The 
MC1596 has been characterized with a 60 mV(rms) sinewave 
carrier input signal. This level provides optimum carrier suppres- 
sion at carrier frequencies in the vicinity of 500 kHz, and is 
generally recommended for balanced modulator applications. 

Carrier feedthrough is independent of signal level, Vs. Thus 
carrier suppression can be maximized by operating with large sig- 
nal levels. However, a linear operating mode must be maintained 
in the signal-input transistor pair — or harmonics of the modulating 
signal will be generated and appear in the device output as spurious 
sidebands of the suppressed carrier. This requirement places an 
upper limit on input-signal amplitude (see Note 3 and Figure 20). 
Note also that an optimum carrier level is recommended in F ig- 
ure 22 for good carrier suppression and minimum spurious side- 
band generation. 

At higher frequencies circuit layout is very important in order 
to minimize carrier feedthrough. Shielding may be necessary in 
order to prevent capacitive coupling between the carrier input 
leads and the output leads. 


Note 3 — Signal Gain and Maximum Input Level 


Signal gain (single-ended) at low frequencies is defined as the 
voltage gain, 


A mee aie where r 20 ON 
VS "Vs Ret 2re € Ts (mA) 


A constant dc potential is applied to the carrier input terminals to 
fully switch two of the upper transistors ‘‘on’’ and two transistors 
“off” (Vc = 0.5 Vdc). This in effect forms a cascode differential 
amplifier. 

Linear operation requires that the signal input be below a criti- 
cal value determined by Re and the bias current I5 


Vs S |5 Re (Volts peak) 


Note that in the test circuit of Figure 10, Vs corresponds to a 
maximum value of 1 volt peak. 


Note 4 — Common-Mode Swing 


The common-mode swing is the voltage which may be applied 
to both bases of the signal differential amplifier, without saturating 
the current sources or without saturating the differential amplifier 
itself by swinging it into the upper switching devices. This swing 
is variable depending on the particular circuit and biasing condi- 
tions chosen (see Note 6). 


Note 5 — Power Dissipation 


Power dissipation, Pp, within the integrated circuit package 
should be calculated as the summation of the voltage-current prod- 
ucts at each port, i.e. assuming Vg = V6, I5 = Ig = Ig and ignoring 


base current, Pp = 2 I5 (Vg — V41Q) + 15 (V5-— V1Q) where sub- 
scripts refer to pin numbers. 
Note 6 — Design Equations 


The following is a partial list of design equations needed to 
operate the circuit with other supply voltages and input condi- 
tions. See Note 3 for Re equation. 


A. Operating Current 
The internal bias currents are set by the conditions at pin 5. 
Assume: 


I5=lg=lo 


lB <<Ic for all transistors 


R5 = Ve =o -~500 2 where: Rg is the resistor between pin 
5 5 and ground 
@ = 0.75 V at Ty = +25°C 


The MC1596 has been characterized for the condition I5 = 1.0 
mA and is the generally recommended value. 


B. Common-Mode Quiescent Output Voltage 
Ve=Vg=Vt—I5RL 


Note 7 — Biasing 


The MC1596 requires three dc bias voltage levels which must be 
set externally. Guidelines for setting up these three levels include 
maintaining at least 2 volts collector-base bias on all transistors 
while not exceeding the voltages given in the absolute maximum 
rating table; 


30 Vde 2 [(V6, Vg) — (V7, Vg)] = 2 Vde 
30 Vde 2 [(V7, Vg) — (V4, V4)] 2 2.7 Vde 
30 Vde 2 [(V7, V4) — (V5)] = 2.7 Vde 


The foregoing conditions are based on the following approxima- 
tions: 


V6e=Vg, V7=Vg, V1=V4 


Bias currents flowing into pins 1, 4, 7, and 8 are transistor base 
currents and can normally be neglected if external bias dividers 
are designed to carry 1.0 mA or more. 


Note 8 — Transadmittance Bandwidth 
Carrier transadmittance bandwidth is the 3-dB bandwidth of 


the device forward transadmittance as defined by: 


ig (each sideband) 


Y21C =~ ve (signal) 


Signal transadmittance bandwidth ic the 3-dB bandwidth of the 
device forward transadmittance as defined by: 


ig (signal) 
Y21S ~ Vg (signal) 


*Pin number references pertain to this device when packaged ina 
metal can. To ascertain the corresponding pin numbers for plas- 
tic or ceramic packaged devices refer to the first page of this 

specification sheet. 


Vo=0 


Vo. = 0.5 Vdc, Vo = 0 
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Note 9 — Coupling and Bypass Capacitors C4 and C2 


Capacitors C4 and C2 (Figure 5) should be selected for a re- 
actance of less than 5.0 ohnis at the carrier frequency. 


Note 10 — Output Signal, Vo 


The output signal is taken from pins 6 and 9, either balanced 
or single-ended. Figure 12 shows the output levets of each of the 
two output sidebands resulting from variations in both the car- 
rier and modulating signal inputs with a single-ended output 
connection. 


Note 11 — Negative Supply, Vege 


Veg should be de only. The insertion of an RF choke in series 
with Veg can enhance the stability of the internal current sources. 


Note 12 — Signal Port Stability 


Under certain values of driving source impedance, oscillation 
may occur. In this event, an RC suppression network should be 
connected directly to each input using short leads. This will reduce 
the O of the source-tuned circuits that cause the oscillation. 


SIGNAL INPUT 


(PINS 1 & 4) 510 


10 pF 


An alternate method for low-frequency applications is to insert 
a 1 k-ohm resistor in series with the inputs, pins 1 and 4. In this 
case input current drift may cause serious degradation of carrier 
suppression. 


TEST CIRCUITS 


FIGURE 5 — CARRIER REJECTION AND SUPPRESSION 


Vcc 
+12 Vde 


INPUT Vc oe} Mc1496G 
MC1596G 


MODULATING 
SIGNAL 
INPUT 10k 


CARRIER NULL 
NOTE: Shielding of 

input and output leads may 

be needed to property 

perform these tests. 


FIGURE 7 — BIAS AND OFFSET CURRENTS 


Vcc. 
+12 Vdc 


MC1496G © 
MC 15966 


NOTE: Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 


FIGURE 6 — INPUT-OUTPUT IMPEDANCE 
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FIGURE 8 — TRANSCONDUCTANCE BANDWIDTH 
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TEST CIRCUITS (continued) 


FIGURE 9 — COMMON-MODE GAIN FIGURE 10 — SIGNAL GAIN AND OUTPUT SWING 
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+12 Vdc 


Vcc 
+12 Vde 


MC1496G 
MC1596G 


MC1496G 


-Vo VS ~ MC1596G 


VS 


= Vol 
= 7 AcmM = 20 log — 
VS 


NOTE: Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 


TYPICAL CHARACTERISTICS (continued) 
Typical characteristics were obtained with circuit shown in Figure 5, fo = 500 kHz (sine wave), ° 
Vc = 60 mV(rms), fg = 1 KHz, Vg = 300 MV(rms), Ta = +25°C unless otherwise noted. 
FIGURE 12 — SIGNAL-PORT PARALLEL-EQUIVALENT 
INPUT RESISTANCE versus FREQUENCY 
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IGURE 11 — SIDEBAND OUTPUT versus CARRIER LEVELS 
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FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT FIGURE 14 — SINGLE-ENDED OUTPUT 
INPUT CAPACITANCE versus FREQUENCY IMPEDANCE versus FREQUENCY 
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TYPICAL CHARACTERISTICS (continued) 


Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave), 
Vo = 60 mV(rms), fg = 1 KHz, Vg = 300 mV(rms), Ta = +25°C unless otherwise noted. 


FIGURE 15 — SIDEBAND AND SIGNAL PORT 
TRANSADMITTANCES versus FREQUENCY 
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FIGURE 17 — SIGNAL-PORT FREQUENCY RESPONSE 
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FIGURE 19 — CARRIER FEEDTHROUGH versus FREQUENCY 
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FIGURE 16 — CARRIER SUPPRESSION 
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FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY 
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FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION 
versus INPUT SIGNAL LEVEL 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC FIGURE 22 — CARRIER SUPPRESSION 
SIDEBANDS versus CARRIER FREQUENCY versus CARRIER INPUT LEVEL 
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OPERATIONS INFORMATION 


The MC1596/MC1496, a monolithic balanced modulator cir- 
cuit, is shown in Figure 23. 

This circuit consists of an upper quad differential amplifier 
driven by a standard differential amplifier with dual current 
sources. The output collectors are cross-coupled so that full-wave 
balanced multiplication of the two input voltages occurs. That is, 
the output signal is a constant times the product of the two input 
signals. 

Mathematical analysis of linear ac signal multiplication indi- 
cates that the output spectrum will consist of only the sum and 
difference of the two input frequencies. Thus, the device may be O 
used as a balanced modulator, doubly balanced mixer, product f GAIN ADJUST 
detector, frequency doubler, and other applications requiring 
these particular output signal characteristics. 

The lower differential amplifier has its emitters connected to (Pin numbers 
the package pins so that an external emitter resistance may be per G package) 
used. Also, external load resistors are employed at the device 
output. 


FIGURE 23 — CIRCUIT SCHEMATIC 


Signal Levels 
FIGURE 24 — TYPICAL MODULATOR CIRCUIT 


The upper quad differential amplifier may be operated either ik Laois 


in a linear or a saturated mode. The lower differential amplifier 
is Operated in a linear mode for most applications. 

For low-level operation at both input ports, the output signal 
will contain sum and difference frequency components and have 
an amplitude which is a function of the product of the input signal 
amplitudes. 

For high-level operation at the carrier input port and linear 
operation at the modulating signal port, the output signal will MODULATING 
contain sum and difference frequency components of the modu- SIGNAL 
lating signal frequency and the fundamental and odd harmonics of inet 
the carrier frequency. The output amplitude will be a constant 
times the modulating signal amplitude. Any amplitude variations 
in the carrier signal will not appear in the output. 


MC1596G 


CARRIER NULL 


NOTE: Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 


numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 
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OPERATIONS INFORMATION (continued) 


The linear signal handling capabilities of a differential amplifier 
are well defined. With no emitter degeneration, the maximum 
input voltage for linear operation is approximately 25 mV peak. 
Since the upper differential amplifier has its emitters internally 
connected, this voltage applies to the carrier input port for all 
conditions. 

Since the lower differentia! amplifier has provisions for an 
external emitter resistance, its linear signal handling range may be 
adjusted by the user. The maximum input voltage for linear op- 
eration may be approximated from the following expression: 


Vv -( 5) (Re) volts peak. 


This expression. may be used to compute the minimum value of 
Re for a given input voltage amplitude. - 


FIGURE 25 — TABLE 1 
VOLTAGE GAIN AND OUTPUT FREQUENCIES 


Carrier Input 
Signal (Vc) 


R, V 
Low-level dc +. -£- 
2(RE + 2re) () 
High-level dc 


Approximate 
Voltage Gain 


Output Signal 
Frequency(s) 


i aad Ri Vcelrms) 
ow-level ac = 7 7 
2/2(S4) (Re + 2re) 
High-level ac 


fo +f, 3fc +fm, 
Sfcotfmy, . 


The gain from the modulating signal input port to the output is 
the MC1596/MC1496 gain parameter which is most often of interest 
to the designer. This gain has significance only when the lower 
differential amplifier is operated in a linear mode, but this includes 
most applications of the device. 

As previously mentioned, the upper quad differential amplifier 
may be operated either in a linear or a saturated mode. Approxt- 
mate gain expressions have been developed for the MC1596/ 
MC1496 for a low-level modulating signa! input and the following 
carrier input conditions: 


1) Low-level dc 
2) High-level dc 
3) Low-level ac 
4) High-level ac 


These gains are summarized in Table 1, along with the fre- 
quency components contained in the output signal. 


NOTES: 

1. Low-level Modulating Signal, Vy, assumed in all cases. 
Vc is Carrier Input Voitage. 

2. When the output signal contains multiple frequencies, 
the gain expression given is for the output amplitude of 
each of the two desired outputs, fc + fry and fc - fm. 

3. All gain expressions are for a single-ended output. For 

a differential output connection, multiply each expres- 

sion by two. 

R, = Load resistance. 

Re = Emitter resistance between pins 2 and 3. 

re = Transistor dynamic emitter resistance, at +25°C; 


OF Ole 


~ 26 mV 
re™~ 15 (mA) 


7. K = Boltzmann's Constant, T = temperature in degrees 
Kelvin, q = the charge on an electron. 


< ~~ 26 mV at room temperature 


APPLICATIONS INFORMATION 


Double sideband suppressed carrier modulation is the basic 
application of the MC1596/MC1496. The suggested circuit for 
this application is shown on the front page of this data sheet. 

in some applications, it may be necessary to operate the 
MC 1596/MC1496 with a single dc supply voltage instead of dual 
supplies. Figure 26 shows a balanced modulator designed for 
Operation with a single +12 Vdc supply. Performance of this cir- 
cuit is similar to that of the dual supply modulator. 


AM Modulator 


The circuit shown in Figure 27 may be used as an amplitude 
modulator with a minor modification. 

All that is required to shift from suppressed carrier to AM 
operation is to adjust the carrier null potentiometer for the proper 
amount of carrier insertion in the output signal. 

However, the suppressed carrier null circuitry as shown in 
Figure 27 does not have sufficient adjustment range. Therefore, 
the modulator may be modified for AM operation by changing 
two resistor values in the null circuit as shown in Figure 28. 


Product Detector 


The MC1596/MC1496 makes an excellent SSB product detec- 
tor (see Figure 29). 


This product detector has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operating at an intermediate fre- 
quency of 9 MHz. 

The detector is broadband for the entire high frequency range. 
For operation at very low intermediate frequencies down to 50 
kHz the 0.1 MF capacitors on pins 7 and 8 should be increased to 
1.0 UF. Also, the output filter at pin 9 can be tailored to a 
specific intermediate frequency and audio amplifier input im- 
pedance. — 

As in all applications of the MC1596/MC1496,: the emitter 
resistance between pins 2 and 3 may be increased or decreased to 
adjust circuit gain, sensitivity, and dynamic range. 

This circuit may also be used as an AM detector by introducing 
carrier signal at the carrier input and an AM signal at the SSB 
input. 

The carrier signal may be derived from the intermediate fre- 
quency signal or generated locally. The carrier signal may be in- 
troduced with or without modulation, provided its level. is 
sufficiently high to saturate the upper quad differential amplifief. — 
If the carrier signal is modulated, a 300 mVirms) input level is 
recommended. 
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APPLICATIONS INFORMATION (continued) 


Doubly Balanced Mixer 


The MC1596/MC1496 may be used as a doubly balanced 
mixer with either broadband or tuned narrow band input and 
output networks. 

The local oscillator signal is introduced at the carrier input 
port with a recommended amplitude of 100 mV(rms). 

Figure 30 shows a mixer with a broadband input and a tuned 
output. 


Frequency Doubler 


The MC1596/MC1496 will operate as a frequency doubler by 
introducing the same frequency at both input ports. 

Figures 31 and 32 show a broadband frequency doubler and a 
tuned output very high frequency (VHF) doubler, respectively. 


Phase Detection and FM Detection 


The MC1596/MC 1496 will function as a phase detector. High- 
level input signals are introduced at both inputs. When both inputs 
are at the same frequency the MC1596/MC1496 will deliver an 
output which is a function of the phase difference between the 
two input signals. 

An FM detector may be constructed by using the phase detec- 
tor principle. A tuned circuit is added at one of the inputs to 
cause the two input signals to vary in phase as a function of fre- 
quency. The MC1596/MC1496 will then prowde an output which 
is a function of the input signal frequency. 


NOTE. Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 


numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 


TYPICAL APPLICATIONS 


FIGURE 26 — BALANCED MODULATOR 
(+12 Vdc SINGLE SUPPLY) 
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FIGURE 28 — AM MODULATOR CIRCUIT 
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FIGURE 27 — BALANCED MODULATOR -DEMODULATOR 
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FIGURE 29 — PRODUCT DETECTOR 
(+12 Vdc SINGLE SUPPLY) 
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TYPICAL APPLICATIONS (continued) 


FIGURE 30 — DOUBLY BALANCED MIXER 
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) FIGURE 31 — LOW-FREQUENCY DOUBLER 
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FIGURE 32 — 150 to 300 MHz DOUBLER 
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DEFINITIONS 


AMPLITUDE ——— 
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ao 
= 
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Rit 
™N 
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“ 
oS 


(fc + 2fs) 
(2f¢ — 2fs) 


FREQUENCY ——————@ BALANCED MODULATOR SPECTRUM 
fo CARRIER FUNDAMENTAL fo+nfgs FUNDAMENTAL CARRIER SIDEBAND HARMONICS 


fg MODULATING SIGNAL nf¢ CARRIER HARMONICS 
fo+fs FUNDAMENTAL CARRIER SIDEBANDS nfc + nfs CARRIER HARMONIC SIDEBANDS 


NOTE: Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 


numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC3344L —40°C to +85°C Ceramic DIP 
MC3344P —40°C to +85°C Plastic DIP 


Advance Information 


PROGRAMMABLE FREQUENCY SWITCH 
WITH ADJUSTABLE HYSTERESIS 


PROGRAMMABLE 
FREQUENCY SWITCH 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3344 is a general purpose programmable frequency switch 
designed for use in systems where a load must be switched on or off 
at a predetermined frequency. Switch frequency is determined by 
an external resistor (Rp) and capacitor (CR). Hysteresis is adjustable 
and determined by an external resistor (Ry). 


@ Isolated Driver Transistor L SUFFIX 


CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


Complementary Outputs 

Adjustable Hysteresis 

Wide Supply Operating Range (7 to 24 Volts) 
Wide Input Frequency Range (10 Hz to 100 kHz) 
Internal Regulator 

Ideal for Automotive and Industrial Applications 
P SUFFIX 


PLASTIC PACKAGE 
CASE 646-05 


FIGURE 1 — CIRCUIT BLOCK DIAGRAM 
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Driven 
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Driver 


PIN CONNECTIONS 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 
[Rating | Symbot [vane [On 
[Pack pat Guee —— 0 m d 
[huneton Terperawre ty 80 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C, Vcc = +15 Vde unless otherwise specified) 


Supply Current 


Trigger Reset Voltage 
lin = 200 wA 
lin = 600 nA 


Threshold Output Voltage 
Second Comparator Output 
D1 Leakage 
D2 Source 


D1 Source 
D2 Leakage 


Output Driver Gain 
Ic =5.0mA 

Output Driver Voltage Standoff 
Ip =5.0mA 

integrator Transistor Gain 
hFE2 = Alc/Alg, 
Ic1 = 0.4 mA, Ic2 = 0.6 mA 
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TEST CIRCUITS 


FIGURE 2 — SUPPLY CURRENT FIGURE 3 — TRIGGER RESET VOLTAGE FIGURE 4 — REGULATOR 
OUTPUT VOLTAGE 


lin = 200 HA, Ve 
lin = 600 HA, Ve 


FIGURE 5 — THRESHOLD VOLTAGE RATIO | FIGURE 6 — HYSTERESIS SINK CURRENT FIGURE 7 — Ipit/Ip2s. Ip2t/Ipis 


0.1 WF 
. 1p 1L/!p2s — $1 in position 1 
= Ip2L/Ipi1s — $1 in position 2 


Vtcr = VcrR/V Reg 


FIGURE 8 — OUTPUT DRIVER GAIN FIGURE 9 — BVcEoO OF OUTPUT FIGURE 10 — INTEGRATOR 
TRANSISTOR TRANSISTOR GAIN 
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APPLICATIONS INFORMATION. 


The voltage regulator and bias section provides the 
proper biasing and regulated supply voltage to the inte- 
grated circuit. | 

A square wave, when applied to the RC differentiator, 
provides input current pulses to the IC. The input circuit 
discharges and clamps, for a predetermined time, the volt- 
age across capacitor Cp. This establishes the initial ramp 
voltage (Vsat) and allows initiation of a new voltage ramp 
after each positive transistion of the input waveform. 

The voltage, Vcr, ramps from Vsat to the final value, 
V Reg: charging through Rr. . 

If Vcr is never allowed to reach Vpps due to quick 
reset pulses, the second integrator amplifier will not be 


activated, and capacitor Cap is allowed to charge through ~ 


the 12 k& resistor until Vc, is greater than Vpoz. At 
this point, D1 will switch ON and D2 will switch OFF. By 
connecting either D1 or D2 to the D3 drive pin, the out- 
put drive transistor may be either switched ON or OFF at 
the switch point. 

If VCR is allowed to ramp above Vpo¢ before being 
reset, the second integrator amplifier is driven ON which 
discharges and resets capacitor Cap keeping VCA low 
with respect to V Rog. 

Vca will always be low with respect to Vpo¢ if the 
time from reset Cp to Vor = Vpeg is less than the time 


from reset Cap to Vea = VReoz- 

Resistor Ry provides hysteresis around the switch 
point (i.e., frequency to switch the output driver ON, 
when connected to the D1 terminal, is higher than the 
frequency required to switch the output driver OFF). If 
no hysteresis is desired then the Ry, resistor should be 
omitted and pin 12 grounded. 


Circuit Equations: 


The first integrator time constant is 
T1 = Ry || Rr Cr. If Ry is omitted then 
T1 = Rp Cpr. 


The second integrator time constant is 
T2 = (12 k) (heed) (Cap). 


1 


#1 = Switch Point frequency = aon. 
. R*R 


f2 = Hysteresis Switch Point frequency ~ 
1 


RH 
eR AERP Ee Ry - 0.75 <= | 


FIGURE 11 — TYPICAL APPLICATION 
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FIGURE 12 — CIRCUIT SCHEMATIC 
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. ORDERING INFORMATION 


Device | Temperature Range Package 
| MC3370P ~10°C to +75°C Plastic DIP 


ZERO VOLTAGE SWITCH _ ZERO VOLTAGE SWITCH 


... designed for use in ac power switching applications with output 
drive capable of triggering triacs. Other operational features include; 
(1) a built-in voltage regulator that allows direct ac line’operation, 
(2) a differential input with dual sensor inputs capable of testing the 
condition of two external sensors and controlling the gate pulse to a 
triac accordingly; (hysteresis or proportional control to this section 
may be added if desired) (3) sensor input ‘open and short’’ pro- 
tection; this insures that the triac will never be turned ‘‘on’’ if either 
of the inputs are shorted or opened (4) a zero crossing detector 
that synchronizes the triac gate pulses with the zero crossing of the 
ac line voltage. This eliminates radio frequency interference (RFI) 
when used with resistive loads. 


Heater Controls Valve Control 

Photo Controls On-Off Power Controls 
Threshold Detector Relay Driver 

Lamp Driver Flasher Control 
Formerly MFC8070 in Case 644A Package 


FIGURE 1 — CIRCUIT SCHEMATIC 


Ground 


Collector 


Reference 
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SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


MC3370P 


FIGURE 2 — OUTPUT PULSE DEFINITION 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


AC Line 
Power Dissipation Output 
Derate above Ta = +25°C ) Pulse 


am 
Ei! 
(Sw. 1: A or B) 11 
isan mere | | | co | oo | 
(Sw 1: A or B) 5.0 100 
Mera | TL | so | | 
(Sw 1: A) 5.0 15 
ewe | | | so | os | 
(Sw 1: B) — 5.0 15 
Gre 28 Dl 
(Sw 1: A or B) +100 mV] +10 mV 
Vs with Pulse Output VsPO Vdc 
Peak Output Current lO pk mA 
aah re Tasers | | so | oo | — | 
ZS 4 !0ok 


Pulse Threshold Voltage VTHP _ Vref Vref Vdc 
“(Sw 1: A or B) -10 mV] -100 mV 


3 7 | MC3370P 
Output Pulse Width TA,TB 70 LS 
VTHP i (Sw 1: A or B, See Figure 2) VrA, +45 V 
V7B 


Output Current With Input Short Isc MA 
(Sw 1: A; Sw 2: B) 5.0 100 
sw28| MC3370° 
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FIGURE 3 — CIRCUIT WITH INCREASED PULSE 
WIDTH AND TRIAC DRIVER TO CONTROL 
HIGH-CURRENT SCR’s 


MBS4991 
or equiv. 


120 V(RMS) 60 Hz 


FIGURE 5 — TRIAC CONTROL CIRCUIT 
FOR GATE CURRENT 50 mA 


120 V(RMS) 
60 Hz 


R1 or R2 is an external sensor 


Y 


Ta = +25°C 
120 V(RMS) 


or equiv. 


TA 7B, OUTPUT PULSE WIDTH (us) 


1N4001 
or equiv. 


FIGURE 4 — OUTPUT PULSE WIDTH 
versus SOURCE RESISTANCE 


PE ee re aoe 
Seats eee esas 
a See ee ee ee eae 
fesse dee 
Le 


Rg, SOURCE RESISTOR (k) 


FIGURE 6 — TRIAC CONTROL CIRCUIT 
WITH CURRENT BOOST UTILIZING 


DC SUPPLY GATE CURRENT 0.5 A 


Supply 
R2 


FIGURE 7 — TRIAC CONTROL CIRCUIT 
GATE CURRENT 0.1 A 


a, 
Slee 


0.1 uF 
ac Line 


5.0 k/3.0 W for 120 Vac 
(10 k/8.0 W for 230 Vac) 
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Rref 
7 or 
ee 


i (X\LY 
5 


370PO < Bs, 
i MPS-U51} 120 V(RMS) 
: or equiv. |- 


R1 or R2 is an external sensor RS 


~~ Recommended Motorola traics (Q1) . 
Maximum Continuous Triac Case 
Current (A [RMS]) Family No. 
2N6346A Series Case 221 
(TO-220AB) 
MAC223 Series Case 221 
(TO-220AB) 
2N5441 Series 


Case 310 
(TO-203) 


ORDERING INFORMATION 


Temperature 
Device Alternate Range Package 
MC3456L — 0°C to +70°C Ceramic DIP 
MC3456P NE556A o°C to +70°C Plastic DIP 
MC3556L — —55°C to +125°C Ceramic DIP 


Specifications and Applications 
Information 


DUAL TIMING CIRCUIT 


The MC3556/MC3456 dual timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor per timer. For astable operation 
as an oscillator, the free running frequency and the duty cycle are 
both accurately controlled with two external resistors and one 
Capacitor per timer. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 mA 
or drive MTTL circuits. 

Direct Replacement for NE556/SE556 Timers 
Timing From Microseconds Through Hours 
Operates in Both Astable and Monostable Modes. 
Adjustable Duty Cycle 

High Current Output Can Source or Sink 200 mA 
Output Can Drive MTTL 

Temperature Stability of 0.005% per °C 

Normally “On” or Normally “Off’’ Output 


Dual Version of the Popular MC1555/MC1455 Timer 


FIGURE 1 — 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


4.0 A (RMS) 


117 VAC 60 Hz 


t=1.1;R,C = 22s 
Time delay (t) is variable 1N5347 1N4004 


by changing R and C. (See or Equiv. or Equiv. 
Figure 16.) 


Threshotd —o 1 (13) . 
o— Discharge 


Control 
Voltage 
3 (11) 
e—- Output 
5 (9) 
Trigger —o 
6 (8) 


MC3456 
MC3556 


DUAL 
TIMING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
MO-001AA 


Discharge A [-| 1 
Threshold A 2 Discharge B 


Control A 3 Threshold B 


Reset A |+| 4 11 |=] Control B 
Output A | ¢] 5 10 | 3] Reset B 
Trigger A | >| 6 g | ©] Output B 


8 | | Trigger B 


(Top View) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-05 
(MC3456 only) 


TYPICAL APPLICATIONS 
@ Time Delay Generation 

Sequential Timing 

Linear Sweep Generation 

Precision Timing 

Pulse Generation 

Pulse Shaping 

Missing Pulse Detection 

Pulse Width Modulation 

Pulse Position Modulation 
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MAXIMUM RATINGS Ta = +25°C unless otherwise noted.) — - FIGURE 3 — GENERAL TEST CIRCUIT 


Discharge Current 
—— : ” ¥ : Controt 
Power Dissipation (Package Voltage 1/2 MG3556 


Limitation) . 1/2 MC3456 
Ceramic Dual-In-Line Package , . 
Derate above Ta = +25°C 
Plastic Dual In-Line Package 
Derate above Ta = +25°C 


Operating Ambient Temperature TA ; sis Circuit for Measuring dc Parameters: ; 
; _ (to set output and measure parameters 
Range MC3556 -55 to +125 a. When Vg > 2/3 Vec. Vo is tow. 


MC3456 0 to +70 b. When Vg < 1/3 Vee, Vo is high. 


. When Vo is low, pin 7 sinks current. To test for Reset, 


c 
Storage Temperature Range T stg -65 to +150 oC set Vo, high, apply Reset voltage, and test for current 


flowing into discharge pin. When Reset is not in use, it 
should be tied to Vcc. 


Discharge 


Threshotd 


Characteristics 


Supply Voltage 
upply Current (Per timer, double for both halfs 

Vee = 5.0V,RL=2 
Vec = 18 V, RL = 
Low State, (Note 1) 

Timing Error (Note 2) 
Monostable Mode 
Ra = 2.0 k& to 100 k2 
Initial Accuracy C = 0.1 uF . 
Drift with Temperature PPM/°C 
Drift with Supply Voltage : : %/Volt 
Astable Mode 
Ra = Rpg = 2.0k2to 100 k2 
C = 0.01 uF 
Initial Accuracy ; % 
Drift with Temperature PPM/°C 
Drift with Supply Voltage . : %/Volt 


Threshold Voitage Vth 
Ty 


Trigger Voltage 
Veco = 15 V 


v 
IT 


Reset Current 
Threshold Current (Note 3) 


Control Voltage Level 
Vec = 15 V 
Voc = 5.0 V 
Output Voltage Low 
(Vcc = 15 V) 
Isink = 10 mA 
Isink = 50 mA 
Isink = 100 mA 
link = 200 mA 
(Voc = 5.0 V) 
Isink = 8.0 mA 
ink = 5.0 mA 
Output Voltage High 


(Isqurce = 200 mA) 


A= 3. B = 6.8 kQ, C = 0.003 uF i 
Discharge Leakage Current : esti <a 


Fall Time of Output 


‘Matching Characteristics Between Sections 
(Monostable) 
Initial Timing Accuracy 
Timing Drift with Temperature 
Drift with Supply Voltage . 


NOTES: 1. Supply current when output is high is typically 2.0 mA less. 3. This will determine the maximum value of Ra + Rg for 
2. Tested at Vcc’ = 5.0 V and Vcc = 15 V. 15 V operation. The maximum total R = 20 megohms. 
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TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 4 — TRIGGER PULSE WIDTH FIGURE 5 — SUPPLY CURRENT FIGURE 6 — HIGH OUTPUT VOLTAGE 


Ic¢c, SUPPLY CURRENT (mA) 
Vcc — VOH, (Vde) 


PW, PULSEWIDTH (ns min) 


0 
10 © ©62.0 50 10 20 50 =100 


VT(min), MINIMUM TRIGGER VOLTAGE Vcc, SUPPLY VOLTAGE (Vdc) iecurcetan) 
(X Vec = Vde) 
FIGURE 7 — LOW OUTPUT VOLTAGE FIGURE 8 — LOW OUTPUT VOLTAGE FIGURE 9 — LOW OUTPUT 
@ Vcc = 5.0 Vde @ Vcc = 10 Vde VOLTAGE @ Vcc = 15 Vde 


10 
eee 


VoL, (Vdc) 
VOL, (Vdc) 
VoL, (Vde) 


a 


- 


0.1 met 
+1259C 
a 


= ae 


0 0.01 0.01 
1.0 2.0 5.0 10 20 50 ~=100 1.0 2 5.0 10 20 50 100 1.0 2.0 5.0 10 20 50 - 100 
ISINK, (mA) ISINK, (mA) ISINK, (mA) 
FIGURE 10 — DELAY TIME FIGURE 11 — DELAY TIME FIGURE 12 — PROPAGATION DELAY 
versus SUPPLY VOLTAGE versus TEMPERATURE versus TRIGGER VOLTAGE 


300 


ey 
100 | 


tg, DELAY TIME NORMALIZED 
tg, DELAY TIME NORMALIZED 
(om) fom) 
oO on 


tpd, PROPAGATION DELAY TIME (ns) 
a 


0.985 0 
-75 -50 -25 QO +25 +59 +75 +100-+125 0 0.1 0.2 0.3 0.4 
Vec, SUPPLY VOLTAGE (Vdc) Ta, AMBIENT TEMPERATURE (°C) VT (min), MINIMUM TRIGGER VOLTAGE 
(X Vec = Vde) 
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~ MC3456, MC3556 


FIGURE 13 — 1/2 REPRESENTATIVE 
CIRCUIT SCHEMATIC 


Control Voltage 


Poe a ee ee 1 ratjeatrey rere 
| THRESHOLD i' TRIGGER |! 


, COMPARATOR i| COMPTR {I 


| Threshold © 
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GENERAL OPERATION 


The MC3556 is a dual timing circuit which uses as its 
timing elements an external resistor — capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com- 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com- 
parator reference voltages are always a fixed ratio of the supply 
voltage thus providing output timing independent of supply voltage. 


Monostable Mode 


In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vcc the comparator output triggers 
the flip-flop so that it’s output sets low. This turns the capacitor 
discharge transistor ‘‘off’’ and drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex- 
ponential rate which is set by the RC time constant. When the 
capacitor voitage reaches 2/3 Vcc the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re- 
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 Ra C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 


A reset pin is provided to discharge the capacitor thus inter- 
rupting the timing cycle. As long as the reset pin is low, the capaci- 
tor discharge transistor is turned ‘‘on” and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 


FIGURE 14 — MONOSTABLE CIRCUIT 


+Vcoc (5 to 15 V) 


Discharge 
1 (13) 


Output 


1/2 MC3556 


1/2 MC3456 Threshold 
6 (8) Control 


Trigger 


0.01 aal Voltage 
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GENERAL OPERATION (continued) 


FIGURE 15 —- MONOSTABLE WAVEFORMS 


input Voltage 5.0 V/cm 


t = 50 us/cm 
(Ra = 10kQ2, C=0.01 uF, RL =1.0k2,Vec = 15 V) 


FIGURE 16 — TIME DELAY 


EN 


10 ms 
tq, TIME DELAY (s) 


Astable Mode 


In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vcc and 2/3 Vcc. See Figure 17. 


The external capacitor charges to 2/3 Vcc through Ra and Rg 
and discharges to 1/3 Vcc through Rg. By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by: tz = 0.695 (Ra+Rp) C 
The discharge time (output low) by: tz = 0.695 (Rg) C 
Thus the total period is given by: T = ty + to = 0.695 (Ra+2Rp) C 


1 1. 
The frequency of oscillation is then: f = — = ens 
T (Ra+2Re) C 
and may be easily found as shown in Figure 19. 
R 
The duty cycle is given by: OC = ee er 
Rat2Re 


To obtain the maximum duty cycle Ra must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 
The minimum value of Ra is given by: 
>Vec (Vde) 5 Vcc (Vde) 


17 (A) 0.2 


C, CAPACITANCE (uF) 


FIGURE 17 — ASTABLE CIRCUIT 


*Vec(S to 15 V) 


1 (13) 
Discharge 


12) 
Threshold 


Control 
Voltage 


1/2 MC3556 
6 (8) 1/2 MC3456 


Trigger 


BAR en ie om we ee oe ow 
v 


rae 
rye 
‘ 


FIGURE 18 — ASTABLE WAVEFORMS 


Output Voltage 
10 V/cm 


Ly 


t = 20 us/cm 
(Ra =5.1k2,C =0.01 uF, Ry = 1.0k2; 
Re = 3.9k2, Vec = 15 V) 


FIGURE 19 — FREE-RUNNING FREQUENCY 


[NNN ET 
INN NN | 
KER 
| INNANA 
wi INNNANSA 


1.0 10 100 1.0k 10 k 100 k 200 k 
f, FREE-RUNNING FREQUENCY (Hz) 


1.0 


0.1 


0.01 


0.001 
0.1 
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APPLICATIONS INFORMATION 


TONE BURST GENERATOR DUAL ASTABLE MULTIVIBRATOR 


For a tone burst generator the first timer. is used as a This dual astable multivibrator provides versatility not 
monostable and determines the tone duration when trig- available with single timer circuits. The. duty cycle can be 
! gered by a positive pulse at Pin 6. The second timer is adjusted from 5% to 95%. The two outputs provide two 
| enabled by the high output of the monostable. It is con- phase clock signals often required in digital systems. It 
nected as an astable and determines the frequency of can also be inhibited by use of either reset terminal. 
the tone. 


FIGURE 20 — TONE BURST GENERATOR 


Trigger © 


1/2 MC3556__ 


pa 144 
t= 1.1 Ry Ct (Ra + 2Rg) C 


FIGURE 21 — DUAL ASTABLE MULTIVIBRATOR 


Reset . . 
Rie Phresh- 1N914 1N914 
old 
2 
; me a Z 
Output Output 
1/2 MC3556 
Discharge 
O 
1 


1/2 MC3556 
6 0.001 0.001 8 | 
© @ © 
_ Trigger Trigger Discharge 
C1 Control Control 
Voltage 9 TO: SNe ~ Ouuepit - 110 Voltage C2 


on 3 7 

| ; | 

y | 

| Gnd 


0.91 


*= (RI+R2) C 


R2 
for C1 =C2 . Duty Cycle Ri+R2 


nse Pt cS SP Se 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation FIGURE 23 — PULSE WIDTH MODULATION WAVEFORMS 
If the timer is triggered with a continuous pulse train in the (Ra = 10k2,C = 0.02 uF, Vcc = 15 V) 


monostable mode of operation, the charge time of the capacitor aise uae oo aT 
can be varied by changing the control voltage at pin 3. In this 
| _ ES ES SEDEII ICO ca 


manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 
Clock !nput Voltage 


“5.0 V/em 


FIGURE 22 


+ Vcc (5 to 15 Vv) 


Re 


= 


Re 
Rie 
HRREITIS 


RR, 


Output Discharge 
© 
Output 1(13) t = 0.5 ms/cm 


1/2-MC3556 Threshold 
1/2-MC3456 


O 
2(12) 
Control 


3(11) Modulation Test Sequences 


input Several timers can be connected to drive each other for sequen- 


tial timing. An example is shown in Figure 24 where the sequence 
is started by triggering the first timer which runs for 10 ms. The 
output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


FIGURE 24 


Vcc (5 to 15 V) 


27k 
OVcc O Reset OVecc © Reset OVcc O Reset 


0.01 uF oe. 0.01 uF 


O O 
. is- Control is- Control! 
1/2-MC3556 1/2-MC3556 = 1/2-MC3556 


1/2-MC3456 1/2-MC3456 1/2-MC3456 


Output i Output i Output 
—O O O 


0.001 uF | 0.001 wF 


O Trigger O Gnd 
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MOTOROLA 


PHASE-LOCKED LOOP 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


: CASE 646-05 


PHASE-LOCKED LOOP 


The NES565N is designed for general-purpose phase-locked loop 
applications to 500 kHz. 


Stable Center. Frequency — 200 ppm/°C (Typ) 


Flexible Power Supply Range — 
+5 to +12 Volts with Small Frequency Drift — 100 ppm/% (Typ) 


Low Total Harmonic Distortion of Demodulator Output 
— 1.5% (Max) 


Linear Triangle Wave Output — 0.5% (Typ) 


TTL, DTL Compatible Inputs and Outputs 


Comparator 
VCO Input 


Adjustable Hold In Range — +1% to >+60%. 


Reference External . 
Output Cc for VCO 


vco Externat 
Control Ea R for VCO 
Voltage 


FIGURE 1 — REPRESENTATIVE CIRCUIT SCHEMATIC 


Phase Comparator VCO 
5 6 Reference Gontal 7 8 9 10 
Vco [nput o O Output Voltage O Coo O+VcCC 


ey 


a a a ee ee 10 
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MAXIMUM RATINGS 
Rating 


Characteristic 


Power Supply Current 


Input Impedance (Pins 2, 3) 
~4.0V <V2,V3<0V 


Input Level Required for Tracking 10 
fg = 10 kHz, +10% Frequency Deviation 


VCO Maximum Operating Frequency 
Co = 2.7 pF 


Operating Frequency Temperature Coefficient 


Frequency Drift with Supply Voltage 


a 


Output Current Sink (Pin 4) 


VCO Sensitivity 


Demodulated Output Voltage (Pin 7) 
fg = 10 kHz, +10% Frequency Deviation 


Total Harmonic Distortion 
fo. = 10 kHz, +10% Frequency Deviation 


Output |mpedance (Pin 7) 
DC Output Voltage Level (Pin 7) 


Output Offset Voltage (Input = 0) 
/V7-V6/ 


Temperature Drift of /V7-V6/ 


Phase Detector Sensitivity Kp 


FIGURE 2 — TEST CIRCUIT SCHEMATIC 


+6.0V 
1.0 WF 600 = i P | A Triangle 
Input : Wave 
(Frequency e O Output 
Modulated 
Signal) 
Demodulated 
Output 
O 
Offset Voltage 
(V7-V6) 
Square Wave 
Output 
O) 
-6.0VO0 
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FIGURE 4 — VCO CONVERSION GAIN 


FIGURE 3 — POWER SUPPLY CHARACTERISTICS 
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TOTAL SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OSCILLATOR OUTPUT WAVEFORMS 


FIGURE 5 — LOCK RANGE versus INPUT VOLTAGE 


BRERRREERE 
EPP 


coc fo fo 8's eS == L oo 
i<o) = ™N ™N i<o} = N N ost 
+ + 8+ rr ee ro 


(A) 6 Ud LAGLAO (A) b Uld LAdLNO 


SSS ee 
CS ERS eae GO) aaa SC | (ee eee 
tT H+} +} + {+} +4 ae 

Seca a aa 
igeaniaia 
i: 
| il | 
ia done oe 


Pata 


| 
“i 


‘ , 


| 

I 

l 
iA 
HL AL | 


aan 
10 


JONVY 19071 GAZINVWHON 


PEAK-TO-PEAK INPUT VOLTAGE (mV) 


FIGURE 7 — LOCK RANGE 
(As a Function of Gain Setting Resistance) 


FIGURE 8 — AM REJECTION CHARACTERISTICS 


(€P) NOILIAFIY WY 


(A) 9A-LA SDWLIOA LNdino 


INPUT VOLTAGE (mV) 


RELATIVE FREE RUNNING VCO FREQUENCY 
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GENERAL APPLICATIONS INFORMATION 


The following formulas are useful when designing with the 3. Lock Range — fi =+ na 
NE565N: CC 

1 Where: fi is the range of frequencies in the area 
Pa Center: PIEQuemey = 19 3.7 RoCoO of fg over which the VCO, once locked to the 


input signal, will remain locked. 
Where: fg is the frequency of the VCO without input 


signal. For Ro, Co circuit location see Figure 2. 4\ ‘Capture Range t= 4 1 /2 nt 
z —_ Cc ~ Tr 
27 T 


2. Loop Gain —- KQKpA 


Definitions: Where: fc is that range of frequencies around 
Ko — VCO Conversion Gain — the conversion factor fg over which the loop will acquire lock with an 
between VCO frequency and control voltage. input signal initially starting out of lock. 
Ko = 4.12 fo (units are in radians/sec/volt) (7 = Time Constant at Pin 7) 


Example: for VCO Sensitivity @ 10 kHz (in Hz/volt) 
4.12 x 104 = 6600 Hz/Voit 


Ko = ———-— a ‘a 
2m radians FIGURE 9 — INTERNAL AMPLIFIER GAIN CHARACTERISTICS 

Kp —Phase Detector Gain Factor — the conversion 1.27 

factor between the phase detector output voltage 1.18 

and the phase difference between input and 1.09 

VCO signals. Units are in volts/radian. a 

. 0.91 

= 8.1¢@A 0.82 

Vcc = 0.73 

© 0.64 

Where: A= f(R6 to R7) = 055 
8.1 

Hence: Kp = ——— [f(R6-R7)] pk 

Vcc 0.37 


Where: Vcc is total system supply voltage, 0.19 —— 
f(R6-R7) is internal amplifier gain (See Fig- on oo rE 
ure 9). Vcc - total supply voltage to the circuit. 0.01 


1.0 3.0 5.0 10 30 50 100 
RESISTANCE BETWEEN Pins 6 AND 7 (kQ) 
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SAA1042 


SAAI0424 MOTOROLA 


Specifications and Applications 
Information 


STEPPER MOTOR DRIVER 


SILICON MONOLITHIC 
! STEPPER MOTOR DRIVER INTEGRATED CIRCUIT 


The SAA1042 drives a two-phase stepper motor in the bipolar 
mode. The device contains: three input stages, a logic section and 
two output stages. 


® Drive Stages Designed for Motors: 6.0 V and 12 V: SAA1042 
24 V: SAA1042A 


500 mA/Coil Drive Capability 

Built-In Clamp Diodes for Overvoltage Suppression 

Wide Logic Supply Voltage Range 

Accepts Commands for CW/CCW and Half/Full Step Operation 
Inputs Compatible with Popular Logic Families: MOS, TTL, DTL 
Set Input Defined Output State 


Drive Stage Bias Adaptable to Motor Power Dissipation for PLASTIC PACKAGE 
Optimum Efficiency CASE 721-02 


FIGURE 1 — SAA1042 BLOCK DIAGRAM | PIN ASSIGNMENT 


Clock 


| : | 
x : 7 
0 es | a 10 L] CW/CCW 
Full/Half Step Lj 8 
Full/ 
° Half Step 
I 


(Top View) 


Note: Case heat sink is electrically con- 
nected to ground (Pin 9) through 
the die substrate. 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise stated) 


SAA1042 
Clamping Voltage (Pins 1, 3, 14 & 16) | Velamp | 20 ‘| 


Input Voltage (Pins 7, 8 & 10) 


Vin Full/Half 
Vin CW/CCW 


Power Dissipation 
Derate above Ta = 25°C 

Thermal Resistance, Junction to Air 
Thermai Resistance, Junction to Case 


"CW 
8.0 °C/W 

30 to +125 

65 to +150 


*The power dissipation, Pp, of the circuit is given by the supply voltage, Vjy and Vcc, and the motor current, IM, and can be determined from Figures 
3 and 5. Pp = Pdrive + Plogic- 


ELECTRICAL CHARACTERISTICS (Ta = +25°C) 


Characteristic 


Supply Current 


Motor Supply Current 
(| Pin 6 = —400 pA, Pins 1, 3, 14, 16 Open) 

= 6.0V 

12V 

= 24V 


Input Voltage — High State 


Operating Junction Temperature Range 


Storage Temperature Range 


| Pin | symbol [Vcc 


11 Icc 5.0 V mA 
20 V 


< 
= 
| 


< 
= 
i 


Input Voltage — Low State 


Input Reverse Current — High State 
(Vin = Vcc) 


5.0 | 
iF pA 
20 V 
1, 3, 14, 16 5.0 to 20 V =| 
VOL 


Input Forward Current — Low State 
(Vin = Gnd) 


Output Voltage — High State 
(VM = 12V) lout = —500 mA 


Output Voltage — Low State 
lout = 500 mA 
lout = 50 mA 


Output Leakage Current 


(VM = Vp = Velamp max:) 
Pin 6: Open 


Clamp Diode Forward Voltage 
(Drop at Iyj = 500 mA) 


Set Control Voltage — High State 
Low State 
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INPUT/OUTPUT FUNCTIONS 


Clock — (Pin 7) This input is active on the positive edge 
of the clock pulse and accepts Logic ‘1’ input levels 
dependant on the supply voltage and includes hyster- 
esis for noise immunity. 


CW/CCW — (Pin 10) This input determines the motor’s 
rotational direction. When the input is held low, (OV, 
see the electrical characteristics) the motor’s direction 
is nominally clockwise (CW). When the input is in the 
high state, Logic ‘1,’ the motor direction will be nomi- 
nally counter clockwise (CCW), depending on the motor 
connections. 


Full/Half Step — (Pin 8) This input determines the an- 
gular rotation of the motor for each clock pulse. In the 
low state the motor will make a full step for each applied 
clock pulse, while in the high state, the motor will make 
half a step. 


Vp — (Pin 2) This pin is used to protect the outputs (1, 
3, 14, 16) where large positive spikes occur due to 
switching the motor coils. The maximum allowable volt- 
age on these pins is the clamp voltage (Vcjamp)- Motor 
performance is improved if a zener diode is connected 
between Pin 2 and Pin 15 as shown in Figure 1. 

The following conditions have to be considered when 
selecting the zener diode: 


vZ-= Vclamp - Vm — VF* 
where: Ve = clamp diodes forward voltage drop (see 
Figure 4) 
Velamp: 
< 20 V for SAA1042 
< 30 V for SAA1042A 


Pins 2 and 15 can be linked, in this case V7 = 0 V. 


Set/Bias Input — (Pin 6) This input has two functions: 


The resistor Rg adapts the drivers to the motor 
current. 


A pulse via the resistor Rp sets the outputs (1, 3, 14, 
16) to a defined state. 


The resistor Rp can be determined from the graph of 
Figure 2 according to the motor current and voltage. 
Smaller values of Rg will increase the power dissipation 
of the circuit and larger values of Rg may increase the 
saturation voltage of the driver transistors. 

When the “set” function is not used, terminal A of 
the resistor Rg must be grounded. When the set func- 
tion is used, terminal A has to be connected to an open- 
collector (buffer) circuit. Figure 7 shows this configu- 
ration. The buffer circuit (off-state) has to sustain the 
motor voltage Vjy. When a pulse is applied via the 
buffer and the bias resistor Rp: 


During the pulse duration, the motor driver transis- 


tors are turned off. 


After elapsing the pulse, the outputs will have defined 
states. 


Figure 6 shows the timing diagram. 

Figure 7 illustrates a typical application in which the 
SAA1042 drives a 12 V stepper motor with a current 
consumption of 200 mA/coil. 

A bias resistor (Rg) of 56 kO. is chosen according to 
Figure 2. 

The maximum voltage permitted at the output pin is 
Vu + 6.0 V (see the Maximum Ratings), in this appli- 
cation Viq = 12 V, therefore the maximum voltage is 
18 V. The outputs are protected by the internal diodes 
and an external zener connected between Pins 2 and 
15. 

From Figure 4, it can be seen that the voltage drop 
across the internal diodes is about 1.7 V at 200 mA. This 
results in a zener voltage between Pins 2 and 15 of: 


V7 =60V-—1.7V =43V. 

To allow for production tolerances and a safety mar- 
gin, a 3.9 V zener has been chosen for this example. 

The clock is derived from the line frequency which is 
phase locked by the MC14046B and the MC14024. 

The voltage on the clock input, is normally low (Logic 
‘0’). The motor steps on the positive going transition of 
the clock pulse. 

A Logic ‘0’ applied to the Full/Half input, Pin 8, op- 
erates the motor in the Full Step mode. A Logic ‘1’ at 
this input will result in the Half Step mode. The logic 
level state on the CW/CCW input, Pin 10, and the con- 
nection of the motor coils to the outputs determines the 
rotational direction of the motor. 

These two inputs should be biased to a Logic ‘0’ or 
‘1’ and not left floating. In the event of non-use, they 
should be tied to ground or the logic supply line, Vcc. 

The output drivers can be set to a fixed operating 
point by use of the Set input and a bias resistor Rg. A 
positive pulse to this input turns the drivers off and sets 
the logic state of the outputs. 

After the negative going transition of the Set pulse, 
and until the first positive going transition of the clock, 
the outputs will be: 


L1 = L3 = high and L2 = L4 = low. 
(See Figure 6, the timing diagram). 

The Set input can be driven by a MC14007B or a tran- 
sistor whose collector resistor is Rp. If the input is not 
used, the ‘bottom’ of Rg must be grounded. 

The total power dissipation of the circuit can be de- 
termined from Figures 3 and 5. 

Pp = 0.9W + 0.08 W = 0.98 W. 

This results in a junction to ambient temperature, 

without a heatsink of: 


Ty — Ta = 50°C/Wx0.98 W = 49°C. 
or a maximum ambient temperature of 76°C. For op- 
eration at elevated temperatures a heatsink is required. 


Rt 
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FIGURE 2 — BIAS RESISTOR Rg versus MOTOR CURRENT FIGURE 3 — DRIVE STAGE POWER DISSIPATION 
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FIGURE 6 — TIMING DIAGRAM 
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FIGURE 7 — TYPICAL APPLICATION 
SELECTABLE STEP RATES WITH THE TIME BASE DERIVED FROM THE LINE FREQUENCY 
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Specification and Applications 
Information 


UNIVERSAL MOTOR 
SPEED CONTROLLER 


SILICON MONOLITHIC 
UNIVERSAL MOTOR SPEED CONTROLLER INTEGRATED CIRCUIT 


The TDA1085A or B have all the necessary functions for the 
speed control of universal (ac/dc) motors in an open or closed 
loop configuration. Additionally they have the facility for defining 
the initial speed/time characteristic. The circuits provide a phase 
angle varied trigger pulse to the motor control triac. 

@ Guaranteed Full Wave Triac Drive 

@ Soft Start from Powerup 

@ On-Chip Frequency/Voltage Convertor and Ramp Generator 
e@ Current Limiting Incorporated 

e 


Direct Drive from ac Line PLASTIC PACKAGE 
CASE 648 


FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT 
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Digital Speed Sense O 
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Motor Current Limit © 

Ramp Gen. Timing © 

Closed Loop Stability 6 

Sawtooth Capacitor 6 
Sawtooth Set Current 
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Trigger Pulse Output O 
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MAXIMUM RATINGS | 


[Parameter | Symbot [Va [Unit 
| 


Power Supply Current (Pin 10 Open) | ping | 
Peak ac Synchronization Input Current IPin 1 [| ae | 
IPin 2 


Peak Power Supply Regulation Current | IPing + !Pin 10 
Peak Output Triggering Current IPin 13 


(Pulse Width 300 us; Duty 
Cycle < 3%) 
Current Drain per Listed Pin a 
Power Dissipation (Ta = 25°C) | Pp 625 mW 
Derate above 25°C V/RQJA 6.8 mWw/°C 
Operating Temperature Range 
Storage Temperature Range —55 to +125 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise stated) 


Characteristic [symbol | min | typ | Max | Unit 
‘VOLTAGE REGULATOR 


Regulated Voltage* | ; . Vcc | i eee 
(Ig + 149 = 10 mA) 
Monitoring Enable evel®—sC~=“‘“~*‘~*‘“‘“~*~*‘“‘~‘“dSCS SSG te 
[Monitoring Disableleve® TT | ts | | 
[internal Current Consumption’ Ling =~ | S| 42 | | ma 
ne 


RAMP GENERATOR 


Reference Input Bias Current a ee ee ee 
[Distribute Low Level Voltage Range | Ming =| | 


Distribute — Upper Level* (Figure 2) 2.0 Vg 
(VPin 6 = 950 mV). 
Low-High Acceleration Range (Figure2) | ~SAVpaA S| S| 400 |S |v 
teraction chron are [ter [Pf 
Flow Charging Curent? te S| | — | A | 


NOTES: 

1. Pins 1, 2, 11, 12, 14 and 15 not connected; Pins 4, 5, 6 and 7 grounded 
to Pin 8: Vcc = 15.5 V 

2. When Vpin 5 is < 80 mV, the internal monitoring circuit interprets 
it as a true zero, thus minimizing the effects of control amplifier 
offsets. 

3. This value should be accounted for when externally setting the dis- 
tribute acceleration charging current. 


erent ptt SSE LL LAL 
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ELECTRICAL CHARACTERISTICS (Continued) 


[Charactovitic ———SSSS*~dST«S mbt | in| typo |) 


CURRENT LIMITER 
Stage Current Gain IDLZ 
Alg 

IDL7 


Output Discharge Current Swing 


CONTROL AMPLIFIER : 
Actual Speed Voltage Range 


Total Input Offset Voltage4 


Transconductance ( Alpin 1 
VPin 4 - VPin 7 
Output Current Swing 


Trigger Pulse Width? 
Trigger Pulse Repetition Period 


Trigger Pulse High Level 
(IPin 13 = 150 mA) 


Output Leakage Current 
(VPin 13 = 9 V) 


4. Voff is defined as being the voltage difference between Pin 5 and 4 
with no current flow on Pin 16. 
5. The negative swing is clamped to —0.3 V. 


6. VPin 4 = k*Cpin 11 “(Vcc-Va) Rin 4+ (1 + 


Where: 9<K<13&V 3 = 1.3 V. 
7. The timing given is when Cpjn 14 = 47 nF. 
* These figures apply for the application shown in Figure 4. 


180 x 103 


-1 freq in. 
RPin 11 q 


———————— 
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INPUT/OUTPUT FUNCTIONS 


VOLTAGE REGULATOR — (Pins 8, 9, 10). This is a par- 
allel type voltage regulator able to sink a large amount 
of current while offering good regulation characteristics. 
_ Aresistor between Pins 9 and 10 reduces the internal 
power dissipation. Under minimal current sink condi- 
tions (min. current from the unregulated supply, max. 
consumption by the circuitry), at least 1.0 mA should 
flow through this resistor. Under max. sink conditions 
(max. current from the unregulated supply, min. con- 
sumption by the circuitry), the maximum resistor value 
is chosen so that the voltage at Pin 10 falls towards 3.0 
V, but not lower. The above, fixed dynamic range of the 
regulator must not be exceeded within one line cycle. 

A power supply failure causes shutdown. 

For operation from an externally regulated voltage, 
Pin 10 is not connected. . 


SPEED SENSING — (Pins 4, 11, 12). Speed sensing can 
be achieved either digitally (tachogenerator frequency) 
or analogically (tachogenerator amplitude). 

For digital sensing, a bipolar signal with respect to 
ground is applied to Pin 12. During positive excursions 


FIGURE 2 — RAMP GENERATOR 
TRANSFER CHARACTERISTIC | 


VPin 5 


Vou = 2VbL 


Vpin 6 = VDL High Acceleration 


Low Acceleration 


| | 
oe 
| 


High Acceleration 


The shape of the curve is determined by CRpjn 7; where 
Cpin 7 defines the high acceleration slope and Rpjn 7 
defines that of the low acceleration. 


Cpjn 11 is charged. An internal mirror delivers ten times 
the charge on Cpjy 14 Via Pin 4. However, due to internal 
circuitry, the charge on Pin 4 can vary in the region of 
9 to 13 times the charge on Cpip 14. For that reason it 
is necessary to calibrate the Frequency/Voltage Con- 
vertor (F/VC) with a variable resistor on Pin 4. Thus the 
relationship between speed and Vpjn q is defined by 
Rpin 4 and Cpin 11- _ 

To maintain linearity in the high speed ranges it is 
important that Cpj, 74 is fully charged across an equiv- 
alent resistor of about 180 k. It should be borne in 
mind that the impedance on Pin 11 should be kept as 
low as possible as Cpjp, 17 has a large influence on the 
temperature coefficient of the FV/C. The time constant 
on Pin 4 should also be kept as low as possible. 

Pin 12 is also an impedance monitoring input; at high 
impedances Vpj, 12 increases. Should Vpjpn 12 exceed 
5.0 V the triac trigger pulses are inhibited and the circuit 
resets. 

A 470 kQ resistor from Pin 11 to +Vc¢c significantly 
reduces the leakage current and reduces the device tem- 
perature coefficient to almost zero. . 


FIGURE 3 — FREQUENCY/VOLTAGE CONVERTER 
OUTPUT CHARACTERISTIC 
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INPUT/OUTPUT FUNCTIONS (continued) 


For analog sensing input 12 should be grounded and 
a positive signal, with respect to ground, Pin 8, applied 
to Pin 4. 


RAMP GENERATOR — (Pins 5, 6, 7) (refer to Figure 2). 
A preset voltage applied to Pin 5 will initiate the gen- 
eration of a ramp whose final value is determined by 
the voltage applied to Pin 5. The voltage applied to Pin 
6 will determine how much of the full ramp, shown in 
Figure 2, is used. The charging current passing through 
Pin 7 to the ramp generator timing capacitor determines 
the ramp slope. 

When Pin 6 is held at -Vcc a charging current of 1.2 
mA is delivered to Pin 7, regardless of the voltage of 
Pin 5. This represents the high acceleration period 
shown in Figure 2. 

lf the preset voltage applied to Pin 5 is equal to or 
less than the voltage on Pin 6 the charging current will 
be 1.2 mA, or high acceieration. 

If the preset voltage applied to Pin 5 is between Vpjy, 
6 and 2 Vpin ¢ the charging current is 1.2 mA (high 
acceleration) until the voltage at the reference input of 
the control amplifier equals Vpin g. At this point the 
charging current will switch to 5.0 wA; i.e. low 
acceleration. 

If the preset voltage applied to Pin 5 is greater than 
2 Vpin 6 the charging current will be 1.2 mA (high ac- 
celeration). until the control amplifier’s reference input 
reaches Vpin 6 when it will switch to 5.0 uA (low ac- 
celeration) until 2 Vpin g is reached. At this point the 
charging current will revert to 1.2 mA, high acceleration, 
until the final value of Vpjn 5 is reached. 

Should the preset voltage at Pin 5 fall below 80 mV, 
the triac trigger pulses are inhibited and the circuit re- 
sets. This fact should be borne in mind when switching 
from one preset value to another. 

As long as the voltages applied at Pins 5 and 6 are 
derived from the internal voltage regulator, they and 
the voltage on Pin 4 are ratioed and thus independent 
of the voltage regulator spread and temperature 
coefficient. 


CURRENT LIMITER — (Pin 3). Safe operation of the 
motor and triac under all conditions is ensured by re- 
ducing the motor speed if a preset current limit is 
exceeded. 


This is achieved as follows: The motor current will 
set up an alternating current, consisting of positive and 
negative peaks through the shunt resistor (0.05 0 in 
Figure 4). 

The negative peaks of this current are fed through a 
resistor to Pin 3 where they are compared with a preset 
current defined by a resistor between Pin 3 and +Vcc. 
An excessive shunt current will try to pull Pin 3 below 
-Vcc, but the current limiter becomes active at this 
point and reduces the charge on Cpj, 7, consequently 
reducing the motor speed. 

Thus the value of the shunt and the ratio of the two 
resistors to Pin 3 fix the level at which the limiter be- 
comes active, while the parallel equivalent of the two 
resistors determines the magnitude of the discharge 
current and thus how rapidly the circuit responds to an 
overcurrent condition. 


CONTROL AMPLIFIER — (Pin 16). Connected to this pin 
is a network which compensates electrically for the 
mechanical characteristics of the motor and its load to 
give the circuit optimum closed loop stability and tran- 
sient response. 

The component values are best determined empiri- 
cally by connecting R and C substitution boxes and look- 
ing for the best results. 


TRIGGER PULSE GENERATOR — (Pins 1, 2, 13, 14, 15). 
This circuit performs four functions: 


1. The conversion of the control amplifier’s dc output 
level to a proportional firing angle positioned to 
within half a line cycle. 

2. The calibration of the pulse width. 

3. The repetition of the firing pulse if the triac fails 
to latch, or if the current is interrupted by brush 
bounce. 

4. To delay the firing pulse until the current crosses 
zero at wide firing angles. 


Rpin 15 and Cpin 14 fix the sawtooth while Cpin 14 
also determines the pulse width. 

Pin 13 is the trigger pulse output. A current limiting 
resistor is essential on this pin. This configuration will 
drive two thyristors controlling a bridge if the supply 
for the speed controller is isolated. 
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TYPICAL APPLICATIONS 


i | FIGURE 4 — CLOSED LOOP, FULLY PROGRAMMED, MULTI-SPEED SYSTEM WITH CURRENT LIMITING 


© S1 O 
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 * * 
R18 R14 
56k > 120k 
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* Chosen to suit the speeds required 
** Adjust for the highest speed 
*** Required only with ‘A’ suffix device 


Speed Control Resistor Network Equations 


R18 i R17 (oy — 1) | 
Vw 
19 = 


R = R17 (4:8 4) 
Vspin 


Distribute 


sc = switch closed 
oc = switch open 


14.8 V 
R17 Cow —1) —R19-—R20 


Note: 

When changing from one speed to another Vpin 5 must not be allowed 
to fall below 80 mV — otherwise the circuit will reset and restart from 
zero. 


K.Vw 
15.5 V (2-K) 
15.5 V 
Vw 


R15 = R21 ( 


R14 = R15 ( 


—1) The component values given in Figure 4 correspond to: 


The ratio distribute speed to wash speed can be chosen as: Vw = 07V 
Vb = 1.13 V 
Vv Vspi = 5.0V 
eats voiee = TY 
K = 1.6 
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FIGURE 5 — OPEN LOOP, SOFT START — WITH 
PROGRAMMED TIME TO MAX. SPEED 
(t = Cpjn 7. 65 x 105) 


FIGURE 6 — OPEN LOOP, 
SOFT-START/SOFT-STOP, 
LIGHTING/INDUCTIVE LOAD CONTROLLER 
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Specifications and Applications 
Information 


TRIAC PHASE ANGLE CONTROLLER 


TRIAC PHASE ANGLE 


CONTROLLER 


ILICON Li 
The TDA1185A generates controlled triac triggering pulses and Be acAteh RCL 


allows tacholess speed stabilization of universal motors by an 
integrated positive feedback function. Typical applications are 
power hand tools, vacuum cleaners, mixers and. other small 
appliances. 
e Low Cost External Components Count 

Optimum Triac Firing (2nd and 3rd Quadrants) 


Repetitive Trigger Pulses When Triac Current is Interrupted by 
Motor Brush Bounce 


Triac Current Sensed to Allow Inductive Loads 
Soft Start 

Power Failure Detection and General Circuit Reset 
Low Power Consumption: 1.0 mA 


FIGURE 1 — TYPICAL SYSTEM CONFIGURATION 
— INTERNAL BLOCK DIAGRAM/PIN ASSIGNMENT 


14 | 
Lee 


Feedback 


Full-Wave 


Trigger Pulse 
Generator a | 


Sawtooth 
RCompensation Generator 


Start Programming Pin 


PLASTIC PACKAGE 
CASE 646-05 


100 


BTC08-600 
6 820k *. 
Current 
Synchro 


Main Line 1N4005 


Voltage Compensation 
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MAXIMUM RATINGS (Voltages are referred to Pin 14 (ground) unless otherwise 
noted) 


Maximum Voltage Range per Listed Pin 


Pins 3-5-11 (not connected) —20 to +20 

Pins 4-8-13 -Vcc to 0 

Pin 2 —3.0 to +3.0 
Maximum Positive Voltage (No +0 


minimum value allowed; see current +0.5 


ratings) 


Maximum Current per Listed Pin 


Pin 1 mA 
Pins 6 and 7 mA 
Pin 9 mA 
Pin 10 pA 

‘ Pin 12 pA 
mW 


Maximum Power Dissipation 250 
(at Ta = 25°C) 

Maximum Junction to Ambient Thermal Raja °C/W 
Resistance 


Operating Ambient Temperature Range 
Storage Temperature Range —55 to +125 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) Voltages are related to Pin 14 (ground) 


Characteristics 


Power Supply 
Zener Regulated Voltage, (Vpin 1) IPin 1 = 2.0 mA 
Circuit Current Consumption, Ipjn 4 
VPin1 = —6.0V, Ipin2 = OV 


Monitoring Enable Supply Voltage (Ven) 
Monitoring Disable Supply Voltage (Vpjs) 


Phase Set 
Control Voltage Static Offset Vpin 8 — VPin 12 
Pin 12 Input Bias Current 

VPin 4 — VPin 12 Residual Offset 


Soft Start 
Capacitor Charging Current 
RPin 10 = 100 kQ, Vpjn 13 from —Vcc to —3.0 Volts 


=Ic¢ —2.0 — 1.0 


VPin 1EN | Vcc + 0.2 = Vcc +0.5° 
VPin 1DIS_| VEN + 0.12 = VEN + 0.3 
Voft 1.2 _ 1.8 Volt 
IPin 12 — 200 _— 0 nA 
— 180 — mV 
m 


Sawtooth Generator 
Sawtooth Capacitor Discharge Current 
Rig = 100k Vpin 4 from —2.0 to —6.0 Volts 
Capacitor Charging Current 
Sawtooth “High” Voltage (Vpn q) 
Sawtooth Minimum “Low” Voltage (Vpin 4) referred to Pin 1 


Positive Feedback 
Pin 9 Input Bias Current, Vpjin 9 = 0 
Programming Pin Voltage Related to Pin 1 

_ Transfer Function Gain AVpin g/AVpin 9 
R19 = 100 kQ, AVpin 9 = 50 mV 
R10 = 270 kQ, AVpin 9 = 50 mV 

Pin 8 Output Internal Impedance 


IPin 9 
VPin 10 


A 
A 


ZPin 8 


Trigger Pulse Generator 
Output Current (Sink) VPin2 =O0V 
Output Leakage Current VPin2 = +2.0V 
Output Pulse Width 

C, = 47 nF R19 = 270 kD 
Output Pulse Repetition Period 

Ci = 47 nF R19 = 270 ko 
Current Synchronization Threshold Levels Ipjn 6, |pin 7 
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CIRCUIT DESCRIPTION 


The TDA1185A generates trigger pulses for triac con- 
trol of power into an ac load. The firing angle is deter- 
mined by generating a ramp voltage synchronized to 
the ac line half cycle and compared to an external set 
voltage representing the conduction angle. 

Gate pulses are negative (sink current) and thus the 
triac is driven in its most effective quadrants (Q2-Q3). 

If the load is a Universal motor (the speed of which 
is decreasing as torque increases), the TDA1185A al- 
lows to increase the firing angle proportionally to the 


motor current, sensed by a low value series resistor. 


Notice: Perfect motor speed compensation cannot be 
provided by open-loop systems, since no negative feed- 
back is used. Due to the low cost of tacholess systems, 
the TDA1185A is the optimum solution for applications 
tolerating 5% motor speed variations. 

Nevertheless by accurate circuit design, these varia- 
tions can be reduced down to 2% from no load to full 
load conditions. | 


CIRCUIT FUNCTIONS 


DC POWER SUPPLY — DC power is directly derived 
from the ac line through a 2.0 watt, 18 kQ resistor, rec- 
tifier and filtering capacitor circuit. The latter being di- 
rectly connected to the dropping resistor protects the 
whole IC from any ac line overvoltage. The — Vcc volt- 
age is internally regulated by an integrated zener. Re- 
ferred to Pin 14 (ground) the power supply voltage is 
negative (—8.6 volts). The TDA1185A internal con- 
sumption is 1.0 mA. 


TRIGGER PULSE GENERATOR — It delivers a 60 mA 
minimum pulse current (sink) through an internally 
short-circuit protected output. Pulse width is roughly 
proportional to R79 * Cq and is repeated every 420 us 
if triac fails to latch or is switched off by brush bounce. 
With inductive loads, the current lags in respect of the 
voltage: Pin 6 delays the triggering pulse up to the 
moment the triac is off, in order to prevent erratic power 
control (see Figure 2). The logic structure guarantees 
full-wave triac operation. 


SAWTOOTH GENERATOR — A constant current gen- 
erator discharges the capacitor Cy, the voltage of which 
is the sawtooth signal synchronized with main line. Pin 
4 voltage is reset to —1.6 volt at every ac line zero 
crossing (see Figure 3). The constant current generator 
is externally programmable by an external resistor con- 
nected to Pin 10: 


IPin 4 = Pin 10 10 aoe 
= as 
Ipin 10 = —“e——— 


MAIN COMPARATOR — Its role is to determine the trig- 
ger pulse time which occurs as the sawtooth voltage 
equals set voltage. Fixed set values lead to a constant 
triac conduction angle unless positive current feedback 
is connected or soft start capacitor is not charged. 


SOFT START — The TDA1185A allows the user to avoid 
any abrupt inrush current in the load, for various pur- 
poses: motor soft start, protection of high performance 
bulbs or ac line minimum disturbances. 

The firing angle is established from zero to the set 
value according to a voltage ramp generated by a con- 
stant current delivered to capacitor C73. The constant 
current value is: 


IlPin 13 = 0.2 x Ipin 10 + 10% 


The voltage ramp lasts as long as Vpjn 13 is lower 
than Vpin 12: VPin 13 reset voltage is — Vcc. See Figure 
4. 


Notice. Universal motors do not have any motion 
effect as long as a minimum conduction angle is not 
reached. The time the voltage ramp reaches this thresh- 
old value is considered as “dead” time and can be elim- 
inated by a series resistor at Pin 13. The voltage drop 
developed by Ipjp, 13 makes the firing angle immedi- 
ately reach the threshold value and have the soft start 
function without dead time. See Figure 5. . 


POSITIVE CURRENT FEEDBACK — The Universal motor 
speed drops as load increases. To maintain it as stable 
as possible, the triac firing angle must be increased. For 
this purpose the Pin 9 input senses the motor current 
as a voltage developed in a low resistor value, Rg, am- 
plifies, rectifies and adds it to Pin 12 set voltage. The 
transfer function AVpjn g = f (AVpjn g) and is repre- 
sented on Figure 6. 

The gain in the linear region is dependent on R40. 
The voltage transferred to Pin 8 is proportional to the 
average value of the motor current and is very close to 
its RMS value (as motor current is not far from a sine 
wave). This averaging effect is represented in Figure 7. 

For large amplitude Pin 9 signals, the am function 
presents a saturation effect which limits the maximum 
firing angle increase. Figure 8 presents this aspect as 
well as the total Pin 8 voltage which is: 


VPin 8 = VPin 12 + fllVPin gl R10) + offset 


The offset is the addition of two PN Junctions and is 
compensated with respect to Vpjpn 4 (sawtooth) by ad- 
ditional diodes within the main comparator (See Figure 
10). 

The effect of positive feedback is described per Figure 
9. 


MONITORING — A central logic block performs the 
following functions: — ENABLE/DISABLE of the IC with 
respect to power supply voltage. Under DISABLE con- 
ditions, Pins 4, 8, 12, and 13 are forced to appropriate 
voltages to prepare for the next reset (See Figure 10). 
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APPLICATION CONSIDERATIONS 


PINS CHARACTERISTICS — Figure 10 describes more 
details in the internal IC layout and defines the pin char- 
acteristics. Pin 9 has a low internal impedance and re- 
quires a maximum 100 (2 trimmer on Rg to adjust re- 
action ratio. Pin 8 must always be connected to —Vcc 
through a filtering capacitor. 


TEMPERATURE EFFECTS — The TDA1185A has very 
efficient internal temperature compensation. If positive 
current feedback is not connected, the RMS power de- 
livered to the load is stabilized within +0.2% over a 
temperature range of +20 to + 70°C. The positive feed- 
back introduces in the same temperature range, a drift 
of 250 mV on Vpin g; this slight firing angle increase 
may be successfully used to compensate a motor ohmic 
resistance increase with temperature as well. 


MAIN LINE VOLTAGE COMPENSATION — As the firing 
angle is independent of main line voltage, any change 
in the latter (usually + 15%) induces a very large power 


V 


variation to the load. An external compensation must 
be used, introducing a Vpipn 12 decrease as Vmagins in- 
creases. An inexpensive resistor Rcgmp, connected to 
the rectifier anode and to Pin 12 performs this role and 
its value depends on Vpin 12, R19C4, R12. Rcomp can 
be empirically determined without difficulty under no 
load conditions. 


FIRING ANGLE DYNAMIC — With purely resistive loads, 
the effective RMS applied power to the load is an in- 
creasing function of the firing angle (per Figure 11). We 
notice the fact that a firing angle of 150° provides 97% 
of the full power corresponding to 180°. 

With inductive loads, as currents lag with respect to 
Voltage, 100% power corresponds to a firing angle 
which is smaller than 180°. 

These considerations will simplify positive feedback 
design if maximum firing angle is accepted to be within 
150-160°. 


FIGURE 2 — MULTIPULSE GENERATION DELAYED PULSE 
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FIGURE 3 — TRIGGERING PULSE TIMING 
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FIGURE 5 — SOFT START WITHOUT DEAD TIME 
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FIGURE 4 — SOFT START 
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FIGURE 6 — TRANSFER FUNCTION 
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FIGURE 7 — AVERAGING EFFECT OF TRANSFER FUNCTION 
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FIGURE 9 — POSITIVE FEEDBACK EFFECT 
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FIGURE 10 — INTERNAL BLOCK DIAGRAM 
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MOTOR SPEED CONTROLLER 
UNIVERSAL MOTOR 


The TDA1285A has all the necessary functions for the speed SPEED CONTROLLER 


control of universal motors in a closed loop configuration. Directly 
driven from the ac line, the circuits generate a phase angle varied SILICON MONOLITHIC 
trigger pulse to the control triac. In addition it provides the fol- INTEGRATED CIRCUIT 


lowing features: 
@ Full Wave Triac Drive 
Repeated Trigger Pulse if Triac Fails to Latch 
Over 65 mA Output Pulse Current 
Automatic Adaptation to Inductive or Hall Effect Sensors 
Sensor Circuit Continuity Detection 
Motor Current Limitation 
Controlled Motor Starting Acceleration 
Typical 1-2% Motor Speed Variation Within All Temperature 


and Load Ranges PLASTIC PACKAGE 
CASE 648-05 


FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT 
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MAXIMUM RATINGS 


[Parameter ———~«| ‘Symbol 
Peak Supply Current, t < 250 us IPin 9 PEAK | 200 | 


Current Drain per Listed Pin 


Power Dissipation (TA = 25°C) 
Derate above 25°C W/ROJA ; m 


Operating Temperature Range TA 
Storage Temperature Range ~55 to +125 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


[Symbol Min | tye | Ma | 


VPin 9 19 20.5 23 Vv 
Vec 13.6 14.6 15.6 Vv 
Icc — 4.5 7.0 mA 


VPin 5 V 
pA 


Characteristic 


Power Supply 
Zener Regulated Voltage, Ipin 9 = 20 mA 
Regulated Supply Voltage (Pin 10) 

IPin 10 = 9; IPin 13 = 9; IPin 15 = 0 
IPin 7 = 0; VPing = 18V 

Current Consumption (Ipjn 9) 

IPin 6 = 9; IPin 13 = 0; IPin 10 = 0 

IPin 15 = 9; |pin 7 = 0; VPing = 18V 

Speed Reference 

Reference Input Voltage Range 

Reference Input Bias Current (Vpjn 5 : 0 to + 12 V) 


Frequency to Voltage Converter 


Inductive Sensor Application Range IPin 6 
Hall-Effect Sensor Application Range IPin 6 
Maximum Input Signal Voltage VPin 12 — VPin6 
Common-Mode Reference Voltage VPin 6 
Polarization Current (—5.0 V < Vpin 12 — VPin 6 < +5.0 V) IPin 12 
Threshold Hysteresis Voltage (See Figure 4) (VSensor— VPin 6) THRS 
Floating Input Voltage (Ipjn 12 = 0) VPin 12 


Main Comparator 


Output Voltage Range (Ipjn 16 = 0) VPin 16 
Output Current Swing . IPin 16 
Transconductance (Ipin 7 = 0; IPin 10 = 9; VPin 16 = 5.2 V) Alpin 16 
AVPin 4 
Output Resistance Rout Pin 16 


Offset Voltage (Ipin 7 = 0: IPin 16 = 0; VPin 16 = 5-0 V) Vpin 5 — VPin 4 
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ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


Current Limitation 


Detection Level VPin 3 Min. 
Clamping Voltage Level VPin 3 CLAMP 
Output Discharge Current IDL7 


Saturation Resistance Rsat Pin 7 


Start-up 
Maximum Start-up Voltage (Ipj7p 7 = 0) 
Start-up Current (until motor turns) (pjp 7 = 0) 
Soft-Start 

Acceleration Charging Current 


Trigger Pulse Generator 


Trigger Pulse Width* tp 
Trigger Pulse Repetition Period* t 
Output Pulse Current (Vpin 13 = 1.0 V) IPin 13 
Output Leakage Current (Vpin 13 = —2.0 V) lo Pin 13 
Current Synchronization Threshold Levels (Pin 1 and Pin 2) IThrs 
Sawtooth Current Generator IPin 14 
Pin 15 Voltage (Ipin 15 = 0) VPin 15 
* These figures apply for the application shown in this data sheet. 
CIRCUIT DESCRIPTION 


The TDA1285A generates trigger pulses for a triac controlling the power into an ac motor connected to mains. The 
firing angle of the triac is determined by comparison between a sawtooth signal (mains synchronized) and the main 
internal comparator signal. The latter is the difference between a set voltage (externally adjustable) representing the 
reference speed and the actual motor speed issued from an external sensor and converted by an internal frequency 
to voltage converter. This sensor may be inductive (tachometer) or Hall-effect. Other functions are also provided by the 
TDA1285A. 
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KEY CIRCUIT FUNCTIONS 


DC POWER SUPPLY 

DC Power is directly derived from the ac line by a low 
cost resistor-rectifier-capacitor circuit. The voltage on 
Pin 9 is Zener protected. The voltage on Pin 10 is fully 
regulated by a series ballast regulator, but is not self- 
limiting. Special provisions for Hall-effect sensor power 
are included. 


TACHOMETER INPUT (Pins 6 and 12) 

The maximum allowable voltage swing is —5.0 to 
+5.0 V. Circuit continuity is permanently checked by 
the monitor. 


HALL-EFFECT INPUT (Pins 6 and 12) 

When Ipjn g exceeds 3.0 mA, the circuit detects the 
use of a Hall-effect sensor and thus sensor circuit con- 
tinuity is not checked (an open circuit would provide 
full triac conduction angle). 


FREQUENCY TO VOLTAGE CONVERTER 

This circuit converts the tachometer input frequency 
into a proportional voltage on Pin 4 (eventually usable 
for any feedback). Particular care must be devoted to 
the conversion ratio of the F/V converter which is under 
the user control. In effect, it depends on the values of 
the C11 capacitor and on tachometer frequency f(Hz). 


Vpin 4 = 1.410 x 10-10 x C44 (pF) x Rg x F(Hz) x (1 £0.15) 


VPin 4 corresponding to maximum allowed motor 
speed must be chosen as close as possible to 12 V in 
order to minimize noise disturbance down to a negli- 
gible level. 


MAIN COMPARATOR 

Its role is to amplify the signal error. Negative feed- 
back from the output (Pin 16) to the input may be used 
to reduce the closed loop gain of the system and in- 
crease stability. 


SOFT START (Pin 7) 

_ Set speed input (Pin 5) is overruled by similar data 
from Pin 7 as long as Vpjn 7 is smaller than Vpjn 5 + 
400 mV (Typ). An internal 8.0 uA current source allows 
an external capacitor, C7 to be charged slowly and 
thus lets the ac motor soft start (Figure 2). Pin 4 offset 


may be set appropriately by an external resistor 
(Ry = 1 MQ). Notice that Ry may affect F/V conversion 
ratio. An external 10 nF capacitor on Pin 5 reduces noise 
sensitivity. 


START-UP CIRCUIT 

From the moment power is applied to the circuit (or 
the circuit is enabled by Monitoring) to the moment a 
speed input signal is detected, C7 is charged at a high 
current level (typically 1.0 mA). Detection of the first 
tachometer input resets the Pin 7 current to its nominal 
value (8.0 nA). The result of such a circuit is to start the 
acceleration ramp at the moment the motor starts to 
turn, avoiding any dead time (see Figure 2). When the 
motor is cycled on and off in close succession, the ac- 
celeration ramp is started immediately without waiting 
for the motor to stop. 


MOTOR CURRENT LIMITATION (Pin 3) 

The motor current is sensed as a voltage developed 
across a resistor (R3) in series with the triac. The limiter 
acts on positive peak values of R3 x | filtered by a 22 k 
and 0.1 uF, RC network (Figure 7). The motor current is 
reduced, decreasing its speed reference by discharg- 
ing C7 until current limit equilibrium is reached (see 
Figure 3). 


TRIGGER PULSE GENERATOR 

It delivers a 65 mA min. current pulse to the triac gate 
and repeats it if the triac fails to latch or if brush bounce 
has switched it off (Figure 6). Current and voltage de- 
tection through the triac are performed by Pins 1 and 
2, delaying the trigger pulse until the triac current col- 
lapses. The pulse time is determined by the comparison 
of a sawtooth signal (available at Pin 14 and synchro- 
nous with line voltage) and the error signal directly sup- 
plied by the comparator. 

Sawtooth slope is determined by the external capac- 
itor C74. Under these conditions pulse width is typically 
100 us (Figure 5). | 


MONITORING 
This is an internal function, disabling the circuit when 
— Vcc is insufficient 
— Tachometer circuit is open and Ipin g < |—3.0 mA| 
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FIGURE 2 — START-UP AND SOFT-START CIRCUIT ACTIONS FIGURE 4 — SENSOR VOLTAGE DEFINITION 


2.2 k 


Pin 12 


Sensor Voltage 0.22 pF 


Actual Motor 


aT’) 
Speed ; 

Cc 

a. Pin 6 
2 

< 2.2 k is a recommended value to balance the 
7) voltage offset caused by sensor continuity 

2] f<t— Start-Up Circuit Action detection circuit. 

ra) 

<x 


Information ‘‘Motor Turns” 


FIGURE 5 — FIRING PULSE GENERATION 
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FIGURE 3 — CURRENT LIMITATION 


we R3 ITriac 


VPin 3 
1.3V 


MOTOROLA LINEAR/INTERFACE DEVICES 


11-103 


| ~TDA1285A 


FIGURE 6 — MULTIPLE FIRING PULSE AND FIRING PULSE DELAY 


Line 
Voltage 


a 14 


VPin 16 


The triac failed to latch at the first pulse | VPin 13 


| VPin 14 Brush Bounce 


VPin 16 


The triac turned off due to brush bounce 


ITriac 


| VPin 16 


Approaching full conduction angle a pulse 
would occur when the triac still carries 
current; the pulse is delayed until the triac 
turns off 


MOTOROLA LINEAR/INTERFACE DEVICES 


11-104 


TDA1285A 


TYPICAL APPLICATION CIRCUITS 


A motor control circuit using tachometer as speed directly and individually; otherwise, violent erratic 
sensor. It provides speed regulation as follows: currents may induce high level noise in the circuitry. 
@ +1.0% from 20 to 70°C Motor will run full speed in case of tacho open circuit 
@ 1.0% in full load range. ifa47 k resistor is connncted permanently between Pins 
6 and 12. 


It is strictly recommended to design the PC board in 
order to plug every connection to ground (Pin 8) 


FIGURE 7 — MOTOR CONTROL CIRCUIT 


| 147 pF 
< 10k 1N4005 220 V 


Vcc = 


0 ~U 
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TDA1285A 


NOTES: 
Frequency to Voltage converter 
— Max. motor speed 30,000 rpm 


x4 = 2 kHz 


30,000 
0 


— Tachogenerator 4 pairs of poles: max. frequency = 


— C11 = 680 pF. R4 adjusted to obtain Vpjn 4 = 12 V at max. speed: 68 kN 


— Power Supply 
with Vmains = 120 Vac, Rj = 4.7 kQ. Perfect operation 
will occur down to 80 Vac. 


FIGURE 8 — CIRCUIT MODIFICATIONS TO CONNECT A HALL-EFFECT SENSOR 
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(MA) MOTOROLA 


ZERO VOLTAGE SWITCH 


ZERO VOLTAGE CONTROLLER PROPORTIONAL BAND 
TEMPERATURE CONTROLLER 


The UAA1016A and B are designed to drive triacs with the Zero 
Voltage technique which allows RFI free power regulation of re- SILICON MONOLITHIC 
sistive loads. They provide the following features: INTEGRATED CIRCUITS 


@ Proportional Temperature Control Over an Adjustable Band 
e Adjustable Burst Frequency (to Comply with Standards) 
® Sensor Fail-Safe 


@ No dc Current Component Through the Main Line (to Comply 
with Standards) 


e Negative Output Current Pulses (Triacs Quadrants 2 and 3) 
Direct ac Line Operation 
Low External Components Count y 


PLASTIC PACKAGE 
CASE 626-04 


FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT 
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MAXIMUM RATINGS (Voltages referred to Pin 7) 


Parameter [| Max. Rating | Unit _| 
ee 


Maximum Pin Voltages 


Maximum Current Drain 


Power Dissipation 
Ta = 25°C. 


Maximum Thermal Resistance 


ELECTRICAL CHARACTERISTICS (T, = 25°C, Voltages referred to Pin 7 unless otherwise noted) 
Characteristics 


wn 
< 
3 
Cs 
o 
‘ 
< 
no] 


Current Consumption (Pins 6 and 8 not connected) Icc 


Stabilized Supply Voltage (Vpin 5) -Vcc 
Icc = 2.0 mA max 


Output Pulse Current (Vpin g from —1.0 to + 1.0 Volt) 


Output Pulse Width 
Rpin g = 220 kQ, Vmains = 220 Vac, (Figures 4 and 5) 


Comparator Input Offset Voltage (Vpin 3 — VPin 4) Vofttf 


.) 
| 
Sliloa 
8 Ja/88 


Comparator Common Mode Voltage Range 


< 
2) 
= 


Input Bias Current (Pins 3 and 4) 


Output Leakage Current (Ipin 6) 
VPin6 = +2.0V 


Fail-safe Threshold Voltage (Vpijn 3) VFSTH 


Capacitor Charging Current (Source) IPin-2 


Capacitor Discharge Current (Sink) 
Sawtooth Pulse Length (Cpjpn 2 = 1.0 uF) 


UAA1016A: 
Output Threshold Sawtooth Currents (Ipin 1) (VPin 2 = —1.0 V) 
VPin 2 = —Vcc + 1.25 V 
UAA1016B: 
Output Threshold Sawtooth Levels (Vpin 2) 


— 1.0 
—Vect 1.25 
Output Voltage Pin 1 Pin 1 
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CIRCUIT DESCRIPTION 


The circuit delivers current pulses to the triac at zero 
crossings of the main line sensed by Pin 8 through 
Rsync- An internal full wave logic allows the triac to 
latch during full wave periods in order to avoid any dc 
component in the main line, in compliance with Euro- 
pean regulations. Trigger pulses are generated when 
the comparator detects Vpjpn 3 is above Vpjn 4 (or 
Vreference) as sensed temperature through the NTC is 
then lower than the set value (VpgEfF corresponding to 
the external Wheatstone bridge equilibrium). 

In order to comply with norms limiting the frequency 
at which a kW sized load, or above, may be connected 
to the main line (fluorescent tubes ‘‘flickering’’), the 
UAA 1016 has an internal time base providing (power 


is delivered by bursts to the load) a proportional tem- 
perature band control. In fact, most of the heating reg- 
ulation systems require low temperature overshoot for 
more precision and stability which cannot be accom- 
plished by direct on/off regulation (see Figure 2). An 
internal low frequency sawtooth generator whose out- 
put is available at Pin 1, allows the designer to introduce 
a periodic linear change of Vref. This deviation defines 
the temperature band allowing proportional power con- 
trol (see Figure 3). 

A fail-safe circuit inhibits output pulses when the sen- 
sor circuit has a fault (open or short circuit). 

The IC is directly powered from the mains by a drop- 
ping resistor, a diode and a filter capacitor. 


KEY CIRCUIT FUNCTIONS DESCRIPTION 


POWER SUPPLY — The rectified supply current is 
Zener regulated to 8.6 V. Current consumption of the 
UAA1016A/B is typically less than 1.0 mA. The major 
part of the current fed by the dropping resistor is used 
for the sensor bridge and triac gate pulses. Any excess 
of supply current is excess power dissipation into the 
integrated Zener. Current consumption of the triac 
pulses may be derived from Figure 4 and 5 (igt max. 
and pulse duration). Usually an 18 kQ, 2.0 W dropping 
resistor is convenient to feed the UAA1016. 


COMPARATOR — When Vpjpn 3 is higher than Vpin 4 
(VRef), the comparator allows the triggering logic to 
deliver pulses to the triac (Figure 3). The offset hyster- 
esis input voltage has been designed to be as low as 
possible (+10 mV max) in order to minimize the un- 
controllable temperature band (proportional to the hys- 
teresis) as per Figure 6. Noise rejection is performed by 
a synchronous sampling of the comparator output dur- 
ing very short times (typ. less than 100 ns). 


_ SAWTOOTH GENERATOR — A sawtooth voltage signal 
is generated by a constant current source (typ. 7.5 uA), 
charging an external capacitor Cpj, 2 between two 
threshold levels, V—}4 and Vt}2, which are respectively: 

VTH1 = —1.0V 

VTH2 = —Vcc + 1.25 V. 

Charging and discharging currents occur only with 
negative halfcycles of the line. 

In UAA1016A, the sawtooth signal is available at Pin 
1 as a source current proportional to Vpjp, 2, varying 
from 2.1 to 15 uA as Vpjn 2 varies from VT} to VTH2. 


In UAA1016B, the sawtooth signal is available at Pin 
1 as a voltage source Vpipn 1 = Vpin 2 —90.75 V. Maxi- 
mum source current is 1.0 mA, but to keep good line- 
arity of sawtooth signal, a maximum source current of 
40 pA is recommended (see Figure 7). 


FAIL-SAFE — Output pulses are inhibited by the “‘fail- 
safe” circuit if the comparator input voltage exceeds the 
specified threshold voltage. This would occur if tem- 
perature sensor circuit had a fault. 


SAMPLING FULL WAVE LOGIC — Two consecutive 
zero-crossing trigger pulses are generated at every pos- 
itive mains half-cycle of the line to minimize generation 
of noise (as per Figure 8). Within every zero-crossing 
the pulses are positioned as per Figure 4. Pulse length 
is also adjustable by Rgync On Pin 8 to allow positive 
triggering of the triac at this critical moment (firing with 
low voltage between main terminals requires long 
pulses). 


PULSE AMPLIFIER — The pulse amplifier circuit delivers 
minimum current pulses of 60 mA (sink). The triac is 
triggered in quadrants II and Ill. 


SYNCHRONIZATION CIRCUIT — Through Rsync, the 
synchronization circuit detects mains zero-crossing and 
uses this information to drive the sampling full wave 
logic. 

Rsync also determines the trigger pulse length (see 
Figure 5). 
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FIGURE 2 — PROPORTIONAL TEMPERATURE CONTROL versus ON/OFF CONTROL 


TC 
Proportional Band 


Overshoots 


P(w) t (mn) 


t (mn) t (mn) 


PROPORTIONAL TEMPERATURE CONTROL ON/OFF CONTROL 
Reduced Overshoot | Large Overshoot 


Stability Marginal Stability 


COMMENTS TO FIGURE 3 


Referring to Figure 1, the average value of VRef is set triac fired (100% max. power) 
by Rg and R3. Rq defines the amplitude of the sawtooth 


signal superimposed on VRef, defining the Proportional 2); During timesta Vina i= ithe ploperieneaoe 


Band and the average power delivered to the load is a 
Figure 3 shows three conditions: fraction Sr: maxinun Bowel: 
1) During time t we always have Vpjn 3 > Vref, and 3) During time tz, Vpin 3 < VRef, and the triac is 
as a result, the comparator is always “’on” and the always “off.” 


lh 
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FIGURE 3 — SAWTOOTH GENERATOR AND PROPORTIONAL BAND 
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FIGURE 4 — OUTPUT PULSE WIDTH DEFINITIONS 
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FIGURE 5 — TYPICAL OUTPUT PULSE LENGTH 
versus SYNCHRONIZATION RESISTOR 
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When the sensor temperature is above the set value. 
and is slowly decreasing as no heating occurs, Vpjn 3 
— Vpin 4 Must exceed half the hysteresis value before 
power is applied again (1). A similar effect occurs in the 


VPin 3+ Noise 


FIGURE 6 — EFFECTS OF INPUTS 
COMPARATOR HYSTERESIS 
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opposite direction when temperature sensor is below 
the set value and can remain stable as position (2). This 
defines the “uncontrollable temperature band” which 
will be very small if hysteresis is also very small. 
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FIGURE 7 — PIN 1 INTERNAL NETWORK 
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FIGURE 8 — TRIGGER PULSE GENERATION 
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SUGGESTIONS FOR USE 


The temperature sensor circuit is a Wheatstone bridge Some loads, even designed to be resistive, have in 
including the sensor element. Comparator inputs may fact a slight inductive component. A phase shift at Pin 
be free from power line noise only if the sensor element 8 can be achieved with external capacitor C3 connected 
is purely resistive (NTC resistor). Usage of any P-N junc- to Pin 8 network (see Figure 9). . 
tion sensor would drastically reduce noise rejection. Suggested maximum source current at Pin 1 

Fixed phase sensing of the internal comparator out- (UAA1016B) is 40 uA, in order to have acceptable saw- 
put eliminates parasitic signals. tooth signal linearity. 
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UAA1016A,B 


APPLICATION CIRCUITS 


Figure 9 shows a very simple application of VAA1016B ure 10 shows a typical application as a panel heater 
as an electronic rheostat having 100% efficiency. C3 is thermostat with a proportional temperature band of 1°C 
required only if load has an inductive component. Fig- at 25°C. 


FIGURE 9 — APPLICATION CIRCUIT — ELECTRONIC RHEOSTAT OR ENERGY REGULATOR 


UAA1016B 220 Vac 
C4 


C1 ly 0.1 
100 uF uF 


*Require for Inductive Loads only 18 k 2.0 W 1N4005 


FIGURE 10 — APPLICATION CIRCUIT — ELECTRIC RADIATOR WITH PROPORTIONAL BAND 
THERMOSTAT, PROPORTIONAL BAND 1°C AT 25°C 


R2 
50 k 
R1 
22 k 
3 6 0.1 
O y A P 
UAA1016B i 
R4 220 Vac 
7 
() 
RT . 
e 2 C) 8 CY) 5 
a Heater 
100 k 2.0 kW 
18 k 
Rt: NTC Ra5c = 22k + 10% 2.0W sn4005 


= 3700 + 5% 
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MOTOROLA LINEAR/INTERFACE DEVICES 


Packaging Information, 
Including Small Outline 
Integrated Circuits (SOIC) 


12 


| | Case Outline Dimensions | 


The packaging availability for each device type is indicated on the individual data sheets and the Selector Guide. 


All of the outline dimensions for the packages are given in this section. | 
: ‘The maximum power consumption an integrated circuit can tolerate at a given operating ambient temperature 


can be found from the equation: 
TJ(max) ~ TA 


PD(TA) =~ Raya(Typ) 


where: Prcta) = Power Dissipation allowable at a given operating ambient temperature. This must be greater 
than the sum of the products of the supply voltages and supply currents at the worst case 
operating condition. 
TJ(max) = Maximum Operating Junction Temperature as listed in the Maximum Ratings Section. See 
individual data sheets for Tj(max) information. 
Ta = Maximum Desired Operating Ambient Temperature 
ReJA(Typ) = Typical Thermal Resistance Junction to Ambient 


CASE 1-03 A 
TO-204AA B Cc 
T0.20 os = 
‘e 
D K : 


Metal Package 
Raja = 45° C/W(Typ) TL 
E 


Rajc = See Data Sheet 
SEATING PLANE { 
F 


CASE 29-02 

TO-226AA a 

(TO-92) [MILLIMETERS] INCHES 
Plastic Package | | | MIN [MAX | MIN | MAX 


RejA = 200° C/W 
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CASE OUTLINE DIMENSIONS (continued) 


CASE 79-02 
TO-205AD 

(TO-39) 

Metal Package 

Raja = 185° C/W(Typ) 


CASE 80-02 

TO-213AA 

(TO-66) 

Metal Package 

Raja = 45°C/W(Typ) 
Rec = See Data Sheet 


CASE 221A-02 
TO-220AB 

Plastic Power 

Raja = 65° C/W(Typ) 
Rajc = See Data Sheet 


22) ek 


lJ 


MILLIMETERS | INCHES | 

| MIN [MAX | MIN | MAX _ 

| A | 889 | 9.40 | 0.350 0.370 | 
fA a 
| 6.10 | 6.60 | 0.240] 0.260 | 

Hop oaos Posse foie oT 
| E | 0.229] 3.18 | 0.009} 0.125 | 
-—F_| 0.406 [0.483 | 0.076] 0.079 | 
| G | 4.83 | 533 | 0.190] 0.210 | 
| H | 0.711 | 0.864 | 0.028 | 0.034 | 
| J | 0.737 | 1.02 | 0.029 | 0.040 | 
| K [12.70 | - | 0500} - | 
| t | 6.35 | — | 0.250] — | 
_ M | 45°NOM | 45°NOM__ 


| P| — [127 | — {0.050 | 


| Q | 90°NOM 90° NOM 


| R | 254 | - | 0100] - | 


im Ean MILLIMETERS EES 


Pe ae fim fae fos 
[¢| 6.35 | 8.64 | 0.250 [0.340 | 

po for ose foes foo | 
[1.91_[ 0.050 [0.075 


: 


—_ 

tS) a 

~~ | OO ~ 

wl ol 
2 S|o/o|2 
So =| & 
= | ho oo 
> nolan o 


oO olo i) 
—= =|O for) 
wo /0O is) 
ros) Sian oO 


womb 
NI; | Noih 
OO || 
o};o}co|— 
INO 
oO 
~ 
So 
eS 
NO 
NO 


PO|AIAIN|N|e 
—/|~/CO}— | Co ion | oo 
f(O)~ ||] ] Oo 
A 
t {Ol [Hojo | oolr 
No] [CO ]~5 1 [Go [ho | RO (ae) 
mJ 100 | CO 1 CO] 1 Go] sd f come 
2S 2S 
3 
Po oO 
S ad ted bard Ged 6 
r No — INO oi 
oi Nola fap) 
a Q|o i) 


2.03 0.080 
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CASE OUTLINE DIMENSIONS (continued) 


Y 

cc | ><|/& 
will 
os = 
= 

= top) 
— 

= BE 


65° C/W 
See Data Sheet 


Ceramic Package 
RaJA 
RaJc 


CASE 314B-01 


Metal Package 

RajJA = 160° C/W(Typ) 
CASE 603-04 

RajA = 160° C/W 


. CASE 601-04 
TO-100 
Metal Can 


MOTOROLA LINEAR/INTERFACE DEVICES 


12-4 


CASE 603C-01 
TO-100 Type 


aaa mn McwereRs] owes) 
| MIN | MAX | MIN | MAX_| 


pA | 8.51 [9.39 | 0.335 | 0.370 _| 
-B | 7.75 | 851 | 0.305 | 0.335 _| 
|C | 419 [6.73 | 0.165 | 0.265 | 
| D | 0.407 | 0.533 | 0.016 | 0.021 _| 
SE 02 | 0.040 | 
F | 0.406] 0.483 | 0.016 | 0.019 _| 
|G | 584BSC_ | 0.230 BSC__ | 
PH | 0.7121 0.864 | 0.028 | 0.034 | 


CASE 606-04 


TO-91 Si ee 
Ceramic Package _Min [Max | min [ MAX | 
Raja = 165° C/W(Typ) ~ A {e.10_fr38_foz0 [0200 | 
LLB [6.10 | 6.60 | 0.240 | 0.260 | 

—— | ¢ [0.762 | 1.77 | 0.030 | 0.070 | 

| D [0.254 | 0.482 | 0.010 | 0.019 | 

| F [0.077 | 0.152 _| 0.003 | 0.006_| 

0.045 | 0.055 | 


|G 11.15 | 1.39 _ 

[HW [0.127 [0.889 [0.005 | 0.035 | 
PK {1.78 | - {0070 | - | 
| Ro} 10381 | - | 0.015 | 


1, ALL RULES & NOTES ASSOCIATED 
WITH T0-91 OUTLINE SHALL APPLY. 

2. LEADS WITHIN 0.25 mm (0.010) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 
(AT BODY) 


[MILLIMETERS] INCHES | 
CASE 607-05 [MIN [MAX | MIN [max | 
TO-86 Type | 6.10 | 6.60 | 0.240 | 0.260 _| 
Ceramic Package | C | 0.76 | 1.78 | 0.030_| 0.070 | 


° | 4 
Rasa = 165° CAM(Typ) L cease Lots po00s P000s 
1G | 1.27BSC_ | 0.050BSC_ | 
R | H | 0.30 | 0.89 | 0.012 | 0.035 | 
! = = | 0.015 | 


R 
7] ae = rat = Tose | = 
: i msec: [/K | 6.35 | 9.40 | 0.250 | 0.370 | 
Pe —fre.e0 [= Toro [ = 
0.25 | — ooo | = 


LN | 
Boe nts 
| 7.62 | 8.38 | 0.300 | 0.330 _| 


NOTES: 

1. “R” DIMENSIONS DETERMINE ZONE 
WITHIN WHICH ALL BODY AND 
LEAD IRREGULARITIES LIE. 

. LEADS WITHIN 0.13 mm (0.005) 
TOTAL OF TRUE POSITION 
RELATIVE TO “A” AT MAXIMUM 


SEATING PLANE MATERIAL CONDITION. 
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CASE OUTLINE DIMENSIONS (continued) 


CASE 614-02 
(TO-66 Type) 
Metal Package 

RaJA = 35° C/W(Typ) 
Reajc = See Data Sheet 


CASE 620-02 
Ceramic Package 
Raja = 100° C/W(Typ) 


NOTES: 
1 LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 
2 PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 
3 DIM“L” TO CENTER OF LEADS 
WHEN FORMED PARALLEL 


[MILLIMETERS] INCHES | 
| min [| MAX | MIN | MAX | 
| A | 31.24 | 32.77 | 1.230 


CASE 623-05 
Ceramic Package 


Raja = 53° C/W(Typ) Seo ae ee on 
| D | 0.41 | 0.51 | 0.016 | 0.020 | 
| F | 1.27 | 1.52 | 0.050 | 0.060 


|G | 254BSC_ | 0.100BSC_| 
| J | 0.20 | 0.30 | 0.008 | 0.012 | 
| K | 318 | 4.06 | 0.125 | 0.160 | 
15.24 BSC 
PM] oo | 150 | 0° | 15° | 


| N | 0.51 | 1.27 | 0.020 | 0.050 | 


tees NOTES: 
SEATING PLANE | 1. DIM “L” TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 
| 2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
L as | POSITION AT SEATING PLANE 
es AT MAXIMUM MATERIAL 
J CONDITION. (WHEN FORMED 
PARALLEL). 
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CASE OUTLINE DIMENSIONS (continued) 


CASE 626-04 

Plastic Package 

Ra@jA = 100° C/W(Typ) : 
0.38 | 0.51 | 
1.02 [| 1.52 | 0.040 | 0.060 


NO 
(ou 
& 
i) 
22) 
i) 
— 
Oo 
oO 
co 
~|: 
Oo 


0.030 | 0.050_| 
0.20 | 0.30 | 0.008 | 0.012 
3.43 | 0.115 | 0.135 


a 
~ 
[op] 
Ro 
mw 
wm 
fom BPS 
j=) 
w 
oO 
fom) 
co 
ize) 
oO 


M1 Loses 1003 
| N [051 | 0.76 | 0.020 | 0.030 


NOTES: 
. LEAD POSITIONAL TOLERANCE: 


[-4/a 0.13 (0.005) @| TTA @ [8 @| 

. 626-03 OBSOLETE NEW STD 626-04. 

. DIMENSION “L” TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 

. PACKAGE CONTOUR OPTIONAL 
(ROUND OR SQUARE CORNERS). 

. DIMENSIONS A AND B ARE DATUMS. 

. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


= 


W RO 


> 


eee be 


G PLANE 


an 


CASE 632-02 ry RI EERS ctes 
MO-001AA fA [168 [19.9 | 0.660 | 0.785 | 
(TO-116) |B | 5.59 | 


Ceramic Package 
RajA = 100° C/W(Typ) 


All JEDEC dimensions and notes apply. 


NOTES: 
1, ALL RULES AND NOTES ASSOCIATED 
Pua ~! WITH MO-001 AA OUTLINE SHALL APPLY. 
H---1G-— = \seating K 2. DIMENSION “L” TO CENTER OF LEADS 
PLANE WHEN FORMED PARALLEL. 
3. LEADS WITHIN 0.25mm (0.010) DIA OF TRUE 


POSITION AT SEATING PLANE AND MAXIMUM 
MATERIAL CONDITION. 


1 


CASE 646-05 
Plastic Package 
RajA = 100° C/W(Typ) 


NOTES: 
1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
- DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 
3. DIMENSION “B” DOES NOT 
INCLUDE MOLD FLASH. 
4. ROUNDED CORNERS OPTIONAL. 
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oO 
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1.02 | 0.020 
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CASE OUTLINE DIMENSIONS (continued) 


CASE 648-05 
Plastic Package 
Raja = 100° C/W(Typ) 


NOTES: 
1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 


POSITION AT SEATING wae 
PLANE AT MAXIMUM lp . OPTIONAL LEAD 


MATERIAL CONDITION. CONFIG. (1, 8, 9, & 16) 
2. DIMENSION “L” TO A NOTE 5 


CENTER OF LEADS | L- 
WHEN FORMED 
C 
Me 


PARALLEL. 
3. DIMENSION ‘’B” DOES NOT 
INCLUDE MOLD FLASH. om 
4. “F’ DIMENSION IS FOR FULL \ N 
LEADS. “HALF’ LEADS ARE \ 
OPTIONAL AT LEAD POSITIONS ea L a G _— JL \ K nee M 
H D SEATING 
1,8, 9, and 16). PLANE : 0.020 | 0.040 


5. ROUNDED CORNERS OPTIONAL. 


é 


CASE 648C-01 

Ceramic Package 

Raja = 52° C/W 

Rac = See Data Sheet 


NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

. DIMENSION L” TO CENTER OF 
LEADS WHEN FORMED i Se 
PARALLEL. 


. DIMENSION ‘’B” DOES NOT ; NOTE? 
INCLUDE MOLD FLASH. = 
4. ROUNDED CORNERS 
OPTIONAL. 4 
. EXTERNAL LEAD CONNECTION, ee j 
BETWEEN 4 AND 5, 12 AND 13 N 


AS SHOWN. 
L as G ie im K a | Seee M—- i 
—+1H a D SEATING PLANE 


Rho 


w 


an 


MILLIMETERS INCHES 


Ss 
> 
< 
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i) 


CASE 649-03 
Plastic Package 
Raja = 90° CMW(Typ) 


—jco 


— OO 
Wi 
horn 
—!|© 
en|eo| 


KI™N | — 
camel Ed hoe 


— 
Nilo 
enjh 
& 
o 
ivoire) 
On 

i) 

o|o 

[—) 

(=) 

o 

tome] 


Nilo 
COND 
NiO 


| 2.16 | 
| 0.30 | 
|_ 3.43 | 
te 


| 0.065 | 0.085 | 
[0.115 | 0.135 | 
| 0.590 | 0.610 | 
ee ae 
| 0.005 | 0.015 | 
| 0.020 | 0.030 | 


0.030 


NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L’ TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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CASE OUTLINE DIMENSIONS (continued) 


CASE 650-02 
Ceramic Package 


ReJA = 140°C/W(Typ) ss ee 


1, LEAD NO. 1 IDENTIFIED BY TAB 
ON LEAD OR DOT ON COVER. 


2. LEADS WITHIN 0.13 mm (0.005) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 


NOTES: 
CASE 690-13 1. -A- AND -B- ARE DATUMS. 
Ceramic Package 2. -T- IS SEATING PLANE 


;: 3. POSITIONAL TOLERANCE FOR LEADS (D). 
Hala = 100" CA (Typ) 


4. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 


5. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


MILLIMETERS INCHES 


MILLIMETERS} INCHES | 


: 
> 
x< 


CASE 693-02 A 
Ceramic Package 
R@JA = 100° C/W(Typ) 


eh 
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: melo 
ColO|to 
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‘ or 
~ 
wo 
o 


0 


K 
NOTES: 
i | 1. LEADS WITHIN 0.13 mm (0.005) 
N RAD OF TRUE POSITION AT 


2{ 0.020 | 0.040 


SEATING PLANE AT MAXIMUM 


1_willsop Whey \e MATERIAL CONDITION. 
: | M 2. DIMENSION “L” TO CENTER 
OF LEADS WHEN FORMED 
G SEATING PLANE PARALLEL. 
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CASE OUTLINE DIMENSIONS (continued) 


CASE 707-02 
Plastic Package 
Raja = 100° C/W(Typ) 


NOTES: 


1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 
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CASE 710-02 
Ceramic Package 


NOTES: 


1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 

MOLD FLASH. 


PLANE 


NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 

MOLD FLASH. 


CASE 711-03 
Ceramic Package 
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CASE 716-06 ern TRUE POSITIONED WITHIN 
Ceramic Package 


r 0.25mm (0.010) DIA (AT SEATING 
Raja = 55° C/(W PLANE) AT MAXIMUM MATERIAL 
Rec = 15° C/W(Typ) CONDITION. 

2. DIM “LTO CENTER OF LEADS 
WHEN FORMED PARALLEL. 


MILLIMETERS] INCHES | 

| MIN | MAX | MIN | MAX | 

| A | 27.64 | 30.99 | 1.088 | 1.220 | 

|B | 14.73] 15.34] 0.580] 0.604 | 

| C | 267 | 4.32 | 0.105] 0.170 | 

| D | 038 | 0.53 | 0.075 | 0.021 | 

| F | 0.76 | 1.40 | 0.030[ 0.055 | 

|G | 2548sC | 0.100BSC_| 

pH | 0.76 | 1.78 | 0.030 | 0.070 | 

| J | 0.20 | 0.30 | 0.008 | 0.012 | 

sean i PK [2.54 [4.57 [0.100 | 0.180 
SEATING PLANE L a i a : | 15.49 | 0.590 | 0.610 | 
SS Se 0 eee 100 


NOTES: 
CASE 719-03 1. LEADS, TRUE POSITIONED WITHIN 
Ceramic Package 0.25 mm (0.010) DIAMETER (AT 


SEATING PLANE) AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L” TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 


MILLIMETERS| INCHES | 
| MIN [| MAX | MIN [ MAX_| 


R@JA = 55° C/W 
Resjc = 15° C/W(Typ) 
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‘ SEATING 
PLANE 


1. DIMENSION “S” TO CENTER 
CASE 721-02 OF LEADS WHEN FORMED 
PARALLEL. 


rma TMLIMETERS| | INCHES | 

| MIN | MAX | MIN | MAX | 
| A | 20.70 | 21.34 | 0.815 | 0.840 | 
BY Bit Ben 1 0.240 | 0.260 | 

C | 4.06] 4.57 | 0.160 | 0.180 

| DY] 0.43] 0.56 [ 0.017 | 0.022 | 
| F | 1.02 | 1.52 | 0.040 | 0.060 | 
|G] 2.41] 2.67 | 0.095 | 0.105 | 
| H | 61.32 [ 1.83 | 0.052 [ 0.072 | 
| J {| 0.33 0.46 | 0.013 | 0.018 | 


|. K | 3.30] 3.94 | 0.130 

| L | 25.15 | 27.94 | 0.990 | 1.700_| 

FE a De De 

| N | 0.51 | 1.02 | 0.020 | 0.040_| 

P| 6.27 | 6.53 | 0.247 | 0.257 _| 

|G | 3.48 | 3.73 | 0.137 | 0.147 _| 
0.370 | 


|. S| 7.37 | 7.87 | 0.290 | 
| T | 16.26 | 16.76 | 0.640 | 0.660 


Plastic Package 
RaJA = 52° C/W 
Rajc = See Data Sheet 
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CASE OUTLINE DIMENSIONS (continued) 


: NOTE: 
CASE 724-02 1, LEADS, TRUE POSITIONED WITHIN 
Plastic Package 0.25 mm (0.010) DIA AT SEATING 
Raja = 100° C/W(Typ) PLANE AT MAXIMUM MATERIAL 


CONDITION (DIM D). 


mad 


—-||-—p 


SEATING PLANE 


CASE 726-01 
Ceramic Package 
RejA = 100° C/W(Typ) 


BOUL 


—' yok F 


1. LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA. 
AT SEATING PLANE, AT 
MAXIMUM MATERIAL 
CONDITION. 


2. DIM “L” TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

3. DIM “A” & “B" INCLUDES 
MENISCUS. 


SEATING PLANE 


CASE 732-03 
Ceramic Package 
ReJA = 75° C/W 


1.02 | 0.010 | 0.040 


1. LEADS WITHIN 0.25 mm (0.010) 
DIA, TRUE POSITION AT 
SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

‘2. DIM L TO CENTER OF LEADS 

M\* WHEN FORMED PARALLEL. 

3. DIM A AND B INCLUDES 

MENISCUS. 
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CASE OUTLINE DIMENSIONS (continued) 


CASE 733-03 


Ceramic Package : NOTES: 
: 1. DIM IS DATUM. 
2. POSITIONAL TOL FOR LEADS: 


| @ | @ 0.25 (0.010) @| TILA @M 
3. IS SEATING PLANE. 
4. DIMA AND B INCLUDES MENISCUS. 
5. DIM -L- TOCENTER OF LEADS 
WHEN FORMED PARALLEL. 
6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


CASE 738-02 


Plastic Package ae Satan LEADS: 
Raja = 75° C/W | 
JA B 0.25 (0.010 @)T | A@| 


3. IS SEATING PLANE. 
4. DIM “B” DOES NOT INCLUDE MOLD FLASH. 
5. DIM TO CENTER OF LEADS WHEN 


FORMED PARALLEL. 
6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


a 


Ine 
ih ons i | 


—HGgk M joe 
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CASE OUTLINE DIMENSIONS (continued) 


SOIC MINIATURE IC PLASTIC PACKAGE 


SO8 CASE751 D SUFFIX 


NOTES: 
1. -T- IS SEATING PLANE. 
2. DIMENSION A 1S DATUM. 


3. POSITIONAL TOLERANCE 
FOR LEADS: MILLIMETERS INCHES 


0.25 (0.010) @|A® 


$014 CASE 751A D SUFFIX 


NOTES: 
1. -T- 1S SEATING PLANE. 
2. DIMENSION A iS DATUM. 
3. POSITIONAL TOLERANCE 

FOR LEADS: 


$016 CASE 751B D SUFFIX 


NOTES: 
1. -T- ISSEATING PLANE. 
2. DIMENSION A IS DATUM. 
3. POSITIONAL TOLERANCE [MILLIMETERS| INCHES | 
eee e min | MAX | MIN | MAX 


[#]0.25 (0.010) @[ AG) 9.78 | 10.01 bat 0.394 | 


3.81 4.01} 0.150) 0.158 


1.35 1.75 | 0.053] 0.069 


A 
B 
C 
D} 0.35| 0.46| 0.014] 0.018 | 
Fl 067| 0.77| 0.026] 0.030 
G 
J 


[_1.27BSC__| 0.050 BSC 


0.19] 0.22/ 0.007] 0.009 

K|_0.10{ 0.20[ 0.004 0.008 

pt 4.82[ 5.21] 0.189] 0.205 

L P{ 5.79{ 6.20] 0.228] 0.244 | 
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CASE OUTLINE DIMENSIONS (continued) 


SOIC MINIATURE IC PLASTIC PACKAGE 


THERMAL INFORMATION 


THE MAXIMUM POWER CONSUMPTION AN T ymax) = MAXIMUM OPERATING JUNCTION 
INTEGRATED CIRCUIT CAN TOLERATE AT A GIVEN TEMPERATURE AS LISTED IN THE 
OPERATING AMBIENT TEMPERATURE, CAN BE MAXIMUM RATINGS SECTION 
FOUND FROM THE EQUATION: _T, = DESIRED OPERATING AMBIENT 
Tatu? Ta TEMPERATURE 
Po = “R—rypy Riuactyp) = TYPICAL THERMAL RESISTANCE 


JUNCTION TO AMBIENT 
WHERE: Py, = POWER DISSIPATION 
ALLOWABLE AT A GIVEN OPERATING AMBIENT 
TEMPERATURE. 


RATING 
OPERATING AMBIENT TEMPERATURE RANGES 


SYMBOL VALUE UNIT 


Ta 0TO +70 C 

~40 TO +85 °C 

OPERATING JUNCTION TEMPERATURE +150 °C 
STORAGE TEMPERATURE RANGE ~55 TO +150 


THERMAL RESISTANCE, JUNCTION-TO-AMBIENT (°C/W) 
220 


Min Die Size 


Oya 
scryy:: 160 


120 Max Die Size 


SO-8 SO-14 SO-16 
PACKAGE TYPE 


THERMAL RESISTANCE OF SOIC PACKAGES. MEASUREMENT SPECIMENS ARE SOLDER MOUNTED ON 
PRINTED CIRCUIT CARD 20mm X 32mm X 1.7mm IN STILL AIR. NO AUXILIARY THERMAL CONDUCTION AIDS 
ARE USED. AS THERMAL RESISTANCE VARIES INVERSELY WITH DIE AREA, A GIVEN PACKAGE TAKES 
VALUES BETWEEN THE MAX AND MIN VALUES SHOWN WHICH REPRESENT SMALLEST ( 2000 SQUARE 
MILS) AND LARGEST ( 8000 SQUARE MILS) EXPECTED TO BE ASSEMBLED IN THE SOIC PACKAGE. 
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| CASE OUTLINE DIMENSIONS (continued) 


MOTOROLA BIPOLAR INTEGRATED CIRCUITS GROUP 
TYPES OF LINEAR IC’S AVAILABLE IN SOIC PACKAGES 


The table below lists those Linear IC devices that will form the core of our initial introduction lineup. All 
current and future Linear IC products are potential candidates for the SOIC packages, providing the chip 
size fits the die-bond area (flag) of the package and the power dissipation is within the package limits. 
Electrical characteristics and package pin-out eQrag ran Ons are as indicated in the standard device data 


sheet except where noted. 


LM301AD General Purpose Op Amp 
LM211D Comparator 

LM311D Comparator 

LM358D Dual Op Amp 

LM393D Dual Comparator 
LM2903D Dual Comparator 
LM2904D Dual Op Amp 

MC1403D* Precision Voltage Reference 
MC1455D Timer 

MC1458CD Dual Op Amp 

MC1458D Dual Op Amp 

MC1741CD General Purpose Op Amp 
MC1776CD Programmable Op Amp 
MC34001D BIFET Op Amp 
MC34002D Dual BIFET Op Amp 


MC4558CD 
~LM324D 


Wide BW Dual Op Amp 
Quad Op Amp 


LM339D Quad Comparator 
LM2901D Quad Comparator 
LM2902D Quad Op Amp 
MC1496D Modulator/Demodulator 
MC1732CD Precision Voltage Regulator 
MC3346D Transistor Array 
MC3386D Transistor Array 
MC3403D Quad Op Amp 
MC34004D Quad BIFET Op Amp 
MC4741CD Quad Op Amp 

NE592D Video Amp 


MC1408D8/D7/D6* 
MC3357D 


MC3470AD 


8-Bit Multiplying D/A Converter 
Low Power FM 1/F 


- Floppy Disk Read Amplifier System | 


*Electrical specifications or package pin-outs will differ slightly from the standard device data sheet for these products. Contact 
product marketing for further information regarding these variations. - 
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Mounting 
Hardware 
TO-204 A A NO. 6 Steet Ar SCREWS 


(Formerly TO-3) 


CASE 1-03 
TO-204AA 


INSULATOR 
(3 OPTIONS AVAILABLE) <P SEMICONDUCTOR 
MICA — B52600F011 TO-204 
FIBERGLASS — B51080A001 | | 
ANODIZED ALUMINUM — 
B51078A001 


*NYLON INSULATING 
BUSHING 
B51547F002 


CHASSIS OR 
HEAT SINK 


SOCKET 
B51084A001 


*Longer screws (not available from Motorola) and multiple bushings may be required 
for thick chassis or heat sink. 


DRAWINGS NOT 


TO SCALE 
=e MOUNT ON FRONT OF CHASSIS MOUNT ON BACK OF CHASSIS 


FRONT TEMPLATE 
B51087A001 


BACK TEMPLATE 
B51087A002 


MOTOROLA LINEAR/INTERFACE DEVICES 


12-17 


MOUNTING HARDWARE TO-204AA 


0.519 
0.045 + 0.003 DIA 
0.144 + 0.003 DIA 
| (2 HOLES) 
| 1.140 0.188 
| 0.171 DIA 
| (2 HOLES) 9 94g DIA 
| 0.16 (2 HOLES) 
1.600 ee, 
| 0.003 TEFLON-COATED 020 ALUMINUM 7 ae ES 
FIBERGLASS INSULATOR INSULATOR 
B51080A001 B51078A001 
| 0.026 TYP i 002 MICA 
| INSULATOR 
XP PHENOLIC, B52600F01 1 
2 HOLES 2 HOLES VACUUM WAX 
0.144 + 0.003 IMPREGNATED 


ea 1380 \ 
+ 0.010 
vad 


TRANSISTOR SOCKET 
| B51084A001 


MOUNT ON BACK OF CHASSIS 


BACK TEMPLATE 
B51087A002 


ae 060+ 005 143 + 003 
DIA 
CADMIUM PLATED | 
0.0002 THK {i} Se Se ee (&) 
leas 
0.375 DIA 
+ 0.016 NYLON INSULATING BUSHING 
B51547F002 


6.99 
oars MAX O 
2.03-2.36_ | i 12.70 + 0.79 NO. 6 SHEET METAL SCREW 
0.080-0.093 0.500 + 0.031 B51564F003 
90° 
36 ye 0.430 


mp 0.215 

188 DIA a 

cs) sl 230 
eb. 0. ae 


em 
fj} 


Saar Pare 
0.06 TYP ——] Ee 0.450 -—\__] 
0.13 1.090 
1.35 
1. vi 
FRONT TEMPLATE 
B51087A001 
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| dee 


Hardware 
TO-213AA *NO. 6 SHEET 
(Formerly TO-66) ee 


B51564F003 


CASE 80-02 
TO-213AA 


SEMICONDUCTOR 
(CASE 80) 
TO-213AA 


MICA INSULATOR 
B52600F008 


*NYLON INSULATING 


BUSHING 
B51547F002 
CHASSIS OR 
HEAT SINK 
SOCKET 
B54837C001 


“Longer screws (not available from Motorola) and multiple bushings may be required for 
thick chassis or heat sink. 


(DRAWINGS NOT 
TO SCALE) 


MOUNT ON FRONT OF CHASSIS MOUNT ON BACK OF CHASSIS 


FRONT TEMPLATE BACK TEMPLATE 
B54879C001 B54879C002 
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MOUNTING HARDWARE TO-213AA 


2.03-2.36 12.70 + 0.79 
0.080-0.093 0.500 + 0.031 


NO. 6 SHEET METAL SCREW 
B51564F003 


XP PHENOLIC 
580 eee VACUUM WAX au DIA aes 
+ 010 ea IMPREGNATED cae 
(2 HOLES) 188 R TYP (2 HOLES) 


0.005 MICA INSULATOR 
B52600F008 


0.003 MICA INSULATOR 
B52600F009 


BRASS 
CADMIUM PLATED 
030 THK 


13/32 IN. 


818 112 DIA | 
35° + 010 (2 HOLES FOR 060 + .005 143 + 003 
1.085 #4.40 SCREW) DIA 
+ 015 
TRANSISTOR SOCKET 7 {i} ——-—@®) 
B54837C001 : 
177+ 003 


DIA 


NYLON INSULATING BUSHING 
B51547F002 


= 
0.965 0.575 
0.585 


MOUNT ON BACK OF CHASSIS 


120 "Ac 


188 DIA ie 
08 ne 5k 


(2) 
Din DIA 


BACK TEMPLATE 


FRONT TEMPLATE B54879C002 


B54879C001 
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Mounting 
Hardware 
TO-220AB 


PREFERRED ARRANGEMENT ALTERNATE ARRANGEMENT 
for Isolated or Non-isolated for Isolated Mounting 
Mounting. Screw is at Semi- when Screw must be at CASE 221A-02 


conductor Case Potential. 


Heat-Sink Potential. TO-220AB 
6-32 Hardware is Used. 


4-40 Hardware is Used. 


All JEDEC dimensions and notes apply 


Choose from Parts Listed Use Parts Listed Below. 


Below. 4 Sd 


4-40 HEX HEAD SCREW 
6-32 HEX HEAD Scaewie B09489A034 
B09489A035 


NYLON INSULATING BUSHING 
ge B51547F015 


SEMICONDUCTOR 


(CASE 221, 221A) 
ara / 
SEMICONDUCTOR 


(CASE 221, 221A) 


(1) RECTANGULAR STEEL Us 
WASHER 


a 


(2) RECTANGULAR MICA ! 
INSULATOR \_ | 


POSS NOON: 

| 

HEAT SINK 

S RECTANGULAR 
MICA INSULATOR 
I 
(2) NYLON BUSHING HEAT SINK 
B51547F005 S 
(3) FLAT WASHER oe ee 
Wee ee, B52200F005 


(4) COMPRESSION or | 
LOCK WASHER a 4 
B52200F004 
6-32 HEX NUT 4-40 HEX NUT 
BO9490A006 we ee BO9490A005 
| 
(1) Used with thin chassis and/or large hole. 
(2) Used when isolation is required. 
(3) Required when nylon bushing and lock washer are used. 


(4) Compression washer preferred when plastic insulating 
material is used. 


TORQUE REQUIREMENTS 
Insulated 0.68 N-M (6 in.-Ibs.) max 
Noninsulated 0.9 N-M (8 in.-lbs.) max 
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| MOUNTING HARDWARE TO-220AB 


! MILLIMETER MICA INSULATOR 
| (DIMENSION — Vea B08853A001 
! 3,05-3.28 
0.120-0.129 soual 
meee 0.145-0.150 
| 3.71-3.81 1.47-1,97 
| 0.146-0.150 | 0.058-0.062 
13.84-14.10 1 4 
0.545-0.555 
_ 8.20-8.46 1.14-1.40 | _9.93-10.0 941-267 
0.323-0.333 eee 0.375-0.394 | 9095-0108 
0 2 mr ee 
TT “TE 1.14-1.40 0.575-0.585 
0.045-0.055 483-533 
0.190-0.210 
STEEL COMPRESSION STEEL COMPRESSION Sane 0.05-0.08 
WASHER WASHER — 0.002-0.008 
B52200F004 B52200F005 0.830-0.850 ee 
HEX HEAD SCREW HEX NUT RECTANGULAR NYLON 
CARBON STEEL CARBON STEEL STEEL WASHER INSULATING BUSHING 
CADMIUM-PLATED CADMIUM-PLATED B09002A001 (See table below.) 
(See table below.) (See table below.) 
K 3,58-3.68 B 
0.141-0.145 (ae 
5.46-5.72 
Y 10.16-10.41 0.215-0.225 pe A a E 
| 0.400-0.410 ! | 
CL J) : 1.51-1.66 aoe | 
i 0.0595-0.0655 e _ 
D 
C 


DIMENSIONS — MILLIMETER (INCH) 
NYLON BUSHING 


PARTNO. | DMG 


(0.302-0.312) 


HEX NUT 


(0.344-0.361) 


[ome | pwc | om | OME 
9.40-9.65 3.84—4.09 2.16—2.41 6.10-6.35 1.02—1.27 
(0.370—0.380) (0.151—0.161) (0.085-0.095) (0.240—0.250) (0.040—0.050) 
5.59-6.10 3.05-3.15 1.57—1.68 3.56—-3.66 0.51—0.64 
(0.220—0.240) (0.120—0.124) (0.062—0.066) (0.140—0.144) (0.020—-0.025) 


B09490A005 6.12-6.35 6.98-7.34 2.21-2.49 2.84 NOM 
(0.241-0.250) (0.275-0.289) (0.087—-0.098) (0.112 NOM) 
B09490A006 7.67-7.92 8.74-9.17 2.59-2.90 3.50 NOM 


(0.102—0.114) (0.138 NOM) 


HEX HEAD SCREW 


| type | PARTNO. | DIMM | 


B09489A035_ —s*|-0.138-32_ | 1.57 (0.62) 


(0.80—0.093) 


4-40 B09489A034 0.112-40 | 1.57 (0.62) 1.24—1.52 5.12 MIN 4.60-—4.75 
(0.049-—0.060) (0.202 MIN) (0.181—0.187) 
2.03-—2.36 6.91 MIN 6.20-6.35 


(0.272 MIN) (0.244—0.250) 
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Quality and Reliability 
Assurance 


a 


Quality Concepts 


The word quality has been used to describe many things, such 
as fitness for use, customer satisfaction, customer enthusiasm, 
etc. However, when quality is used in the manufacturing envi- 
ronment, it has come to mean total quality as perceived by the 
customer. The simplest formulation that has been devised for 
total quality is: 


708 
Q= a 
Where: Q = Total Quality of a Supplier 


Product Quality (Technical) 
Service 

Price Competitiveness 

On Time Delivery 


oT HO 
lI 


Product quality (q) of a linear integrated circuit from a product 
line is a measure that expresses the conformance of the device 
to a set of specifications. Such a measure is the percent rejects 
out of a collection of devices (lot, population). One hundred 
percent inspection has to be used to determine the actual quality 
of the lot. One characteristic of this approach is that it is ex- 
pensive, and therefore, is used only where necessary. In ad- 
dition, it may not be as accurate as it first appears because of 
operator errors due to fatigue and of course, it cannot be used 
where the inspection (test) is destructive. An alternative to 100% 
inspection is scientific acceptance sampling. Acceptance sam- 
pling is a method by which a portion (sample) of the total pop- 
ulation is examined. On the basis of the sample quality (number 
of rejects that fail to conform to specifications out of a total 
sample is usually expressed in parts per million percent re- 
jects) and by using the mathematics of probability and statistics, 
an estimate of the lot quality is made and the risk of an improper 
decision is specified. For example, alot may be rejected because 
the sample quality was worse than that prescribed by the math- 
ematics of sampling and our original goal (maximum percent 
rejects allowed in a lot). Yet, if the lot was one hundred percent 
inspected, we may find that the actual percent rejects in the lot 
was less than the maximum percent rejects established as a 
goal (Type | improper decision). In a similar way, the reverse 
may happen: a lot may be accepted on the basis of the sample 
quality (Sample rejects are fewer than those prescribed by the 
mathematics of sampling and our goal) and yet, if a 100% in- 
spection was performed, the actual percent rejects in the lot 

‘could be more than our established goal (Type II improper de- 
- cision). A sampling plan is specified by the sample size and the 
maximum allowable defectives known as the acceptance num- 
ber (ACCN). | 

The risks involved in sampling are described by the operating 
characteristic (O.C.) curve of the sampling plan. As illustrated 
by Figure 1, this curve shows the probability of acceptance, on 
the vertical axis, versus the lot quality (percent rejects), on the 
horizontal axis. Each particular sampling plan will have its own 


Reliability Concepts 


Reliability is the probability that a Linear integrated circuit will 
perform its specified function in a given environment for a spec- 
ified period of time. In other words, reliability is quality over time 
and environmental conditions. 

The most frequently used reliability measure for integrated 
circuits is the failure rate, expressed in percent per thousand 
hours. The number of failures observed, taken over the number 
of device hours accumulated at the end of the observation period 
and expressed as a percent, is called the point estimate failure 


FIGURE 1 — TYPICAL OPERATING 
CHARACTERISTIC (0.C.) CURVE 


cos ed Ce 
kis. oe 


PROBABILITY OF ACCEPTANCE 


0.1 0.2 0.3 04++«ecce«eeecee ee 
LOT QUALITY (PERCENT DEFECTIVE) 


O.C. curve. Two points on the curve are of interest. The AQL 
(Acceptable Quality Level), signifies the quality level (lot quality, 
in percent defective) that will be accepted most of the time 
(usually this is set at 95%). The risk of rejecting a lot even though 
the lot quality is equal to or better than the AQL is called the « 
Risk (5% probability shown on the curve; Type | error or Pro- 
ducer’s Risk). The other point on the curve is the LTPD (Lot 
Tolerance Percent Defective) which signifies the level of rejects 
in a lot that is unsatisfactory and should be rejected by the plan 
most of the time or accepted infrequently (usually set at 10% 
of the time). This risk of accepting a lot when it should be rejected 
is known as the risk of making Type II improper decision (B Risk 
of Consumers Risk). | 

Linear integrated circuits can be produced to a variety of qual- 
ity levels by combining different 100% and sample inspections 
and varying the criteria of acceptance and rejection. Thus, a 
customer can negotiate his own custom quality level if he wishes; 
however, this can become quite expensive in terms of time and 
money. That is why Motorola, in addition to the standard product 
level, produces Linear integrated circuits to a combination of 
screens which give enhanced product quality and reliability. 
These quality and reliability enhancement programs are the 
BETTER, JEDEC and JAN qualified programs and are described 
in this section. 


rate. This, however, is a number obtained from observations 
from a portion (sample) of all the integrated circuits. If we are 
to use this number to estimate the failure rate of all integrated 
circuits (total population), we need to say something about the - 
risk we are taking by using this estimate. This statement is 
provided by the confidence level expressed together with the 
failure rate: For example, a 0.1% per 1000 hours failure rate at 
90% confidence level means that 90% of the integrated circuits 
will have a failure rate below 0.1%/1000 hours — mathemati- 
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Cally, the failure rate at a given confidence level is obtained from 
the point estimate and the CHI square (X2) distribution. (The X2 
is a Statistical distribution used to relate the observed and ex- 
pected frequencies of an event.) In practice, a reliability calcu- 
lator rule is used that gives the failure rate at the confidence 
level desired for the number of failures and device hours under 
question. 

It is also important to note that, as the number of device hours 
increases, our confidence in the estimate increases. In inte- 
grated circuits, it is preferred to make estimates on the basis of 
failures per 1,000,000,000 device hours (FITS) or more. If such 
large numbers of device hours are not available for a particular 
device, then the point estimate is obtained by combining (pool- 
ing) the data from devices that are similar in process, voltage, 
construction, design, etc., and for which we expect to see the 
same failure modes in the field. 

The environment is specified in terms of the temperature, 
electric field, relative humidity, etc., by an Eyring type of an 
equation of the form: 


h = Ae _o eB ef 
KT RH E 


Where A, B, C, @ & K are constants, T is temperature, RH is 
relative humidity, E is the electric field, etc. 

The most familiar form of this equation deals with the first 
exponential which shows an Arrhenious type relationship of the 
failure rate versus the junction temperature of integrated circuits, 
while the causes of failure generally remain the same. Thus, we 
can test devices near their maximum junction temperatures, 
analyze the failures to assure that they are the types that are 
accelerated by temperature and then by applying known ac- 
celeration factors, estimate the failure rates for lower junction 
temperatures. Figure 2 shows a curve that gives estimates of 
typical failure rates versus temperature for integrated circuits. 


Arrhenious type of equation: \ = Ae = 


Where: = Failure Rate 
Constant 
= 2/72 


A 
e 
@ = Activation Energy 
K 
T 
+ 


ll 


Botzman’s Constant 
= Temperature in Degrees Kelvin 


Ty = Ta + JA Pp orTy = Te + 9c Pp 
Where: Ty = Junction Temperature 
Ta = Ambient Temperature 
Tc = Case Temperature 
6jA4 = Junction to Ambient Thermal 
Resistance 
6j¢ = Junction to Case Thermal 
Resistance 
Pp = Power Dissipation 


Failure rate curves for equipment and devices can be rep- 
resented by an idealized graph called the Bathtub Curve (Figure 
3). 

There are three important regions identified on this curve. In 
Region A, the failure rate decreases with time and it is generally 
called infant mortality or early life failure region. In Region B, 
the failure rate has reached a relatively constant level and it is 
called constant failure rate or useful life region. In the third region, 
the failure rate increases again and it is called wearout region. 
Modern integrated circuits generally do not reach the wearout 
portion of the curve when operated under normal use conditions. 
The wearout portion of the curve can be seen under highly 
accelerated test conditions. As a matter of fact, even their useful 
life portion of the curve is characterized by so few failures com- 


FIGURE 2 — TYPICAL FAILURE RATE 
versus 
JUNCTION TEMPERATURE 
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10 
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0.001 
500 400 300 200 150 100 50 25 
JUNCTION TEMPERATURE °C 


FIGURE 3 — FAILURE RATE 
versus 
TIME (BATHTUB CURVE) 


Typical Equipment Failure Rate 
=== — Typical Integrated Circuits Failure Rate 


Constant Failure Rate 


Infant Mortality [~~-.,_ OF Useful Life | | | 
or “wse4e eee”? Wearout 

Early Life 

Region A 


NORMALIZED FAILURE RATE 


Region B 
TIME 


Region C 


pared to the accumulating hours, that the useful life curve looks 
as a continuously decreasing curve (Figure 3). From this dis- 
cussion, it becomes obvious that elimination of infant mortality 
is of importance. 

Infant mortality in the short run is eliminated by a combination 
of various sample and 100% screens, with the most cost effec- 
tive screen being burn-in at high temperature. These screening 
combinations form the various product enhancement programs 
such as the BETTER, JEDEC and JAN qualified, described in 
this section. 

The most frequently asked question is which enhancement 
program do | need, if any at all, especially with the improvement 
of quality and reliability that has been achieved in integrated 
circuits over the last few years? The answer to this question is 
not simple and it depends on a number of factors such as the 
number of integrated circuits that will be used in a single piece 
of equipment, the maturity of this equipment, the environment 
in which the equipment will operate, the impact of a failure (safety 
versus entertainment), maintenance costs, etc. This question is 


MOTOROLA LINEAR/INTERFACE DEVICES 


best answered during customer-vendor interfacing, because of 
its’ complexity and proprietary nature. 

In order to obtain a feel for the effectiveness of the various 
programs, we will look at them on the basis of the normalized 
failure rate between each screening level and standard product 
which is used as reference. 


TABLE 1 — NORMALIZED FAILURE RATES 


Std |BETTER| BETTER) BETTER| JEDEC JAN 
Product! Level! | Level Il | Level Il! | Processed | Qualified 


5-10 Volts} 1.0 0.67 0.33 0.25 0.17" 0.17" 
10-25 Volts} 1.0 0.67 0.20 0.15 0.1 0.1 
25-40 Volts; 1.0 0.67 0.1 0.07 0.05 0.05 


*Note: A quality factor of 0.17 is given to JAN qualified and JEDEC processed 
product because of insufficient data to determine real differences between the 
two classes. 


Determination that the quality and reliability of standard prod- 
uct is what is best suited for equipment and application under 
consideration, leads to a new question. How can one be assured 


Linear Reliability Audit Program 


The reliability of a product is a function of design and man- 
ufacturing. Inherent reliability is the reliability that a product 
would have if there were no imperfections in the materials, piece 
parts and manufacturing processes of the product. The presence 
of imperfections gives rise to the actual reliability of the product. 
The difference between inherent reliability and actual reliability 
is kept to a minimum by continuous monitoring and corrective 
action. 

Continuous monitoring of the reliability of Linear integrated 
circuits is accomplished by the Linear Reliability Audit Program, 
which is designed to compare the actual reliability to that spec- 
ified. This objective is accomplished by periodic and strategic 
sampling of the various integrated circuit device packaging sys- 
tems. The samples are tested by subjecting them to accelerated 
environmental conditions and the results are reviewed for un- 
favorable trends that would indicate a degradation of the relia- 
bility or quality of a particular packaging system. This provides 
the trigger mechanism for initiating an investigation for cause 
and corrective action. Also, in order to provide a minimum of 
interruption of product flow and assure that the product is fit for 
use, a lot by lot sampling or a nondestructive type 100% screen 
is used to assure that a particular packaging system released 
for shipment does have the expected reliability. This rigorous 
surveillance is continued until there is sufficient proof (many 
consecutive lots) that the problem has been corrected. 

The Bipolar Integrated Circuits Group has used reliability au- 
dits since the late sixties. Such programs have been identified 


Weekly Reliability Audit 


The Weekly Reliability Audit is performed by the U.S. Linear 
Division Center, plus each assembly/test site which has the ca- 
pability of assembling the Linear integrated circuits, performing 
final electrical testing, quality assurance electrical acceptance 
testing, reliability assurance testing and first level of failure anal- 
ysis. The results are reviewed on a continuous basis and cor- 
rective action is taken when appropriate. The results are ac- 
cumulated on a monthly basis and published. 


that the reliability of standard product does not degrade over 
time? This is accomplished by periodic and strategic sampling 
and accelerated testing of the various integrated circuit device 
packaging systems known as reliability auditing. A description 
of this program is given later in this section. 

Finally, a frequently asked question is about the reliability 
differences between plastic versus hermetic packaged inte- 
grated circuits. In general, for all bipolar integrated circuits in- 
cluding Linear, the field removal rates for plastic and hermetic 
ICs are the same for environments where there is not high hu- 
midity. In cases where the environment contains high humidity 
(such as under biased 85°C and 85% humidity), higher failure 
rates are to be expected from plastic encapsulated devices. The 
determination of the best packaging system for a given appli- 
cation depends on many factors, one of which is protection of 
the equipment from hostile environments. For example, some 
users have reported favorable results with plastic integrated cir- 
cuits, even in relatively high humidity environments (coastal 
areas), by properly coating (good adherence, no contaminants) 
the boards containing the integrated circuits with protective 
materials. 


by acronyms such as CRP (Consumer Reliability Program), 
EPIIC (Environmental Package Indicators for Integrated Cir- 
cuits), LAPP (Linear Accelerated Punishment Program), RRAP 
(Rapid Reliability Assessment Program), and RAP (Reliability 
Audit Program). 

Currently, the Linear Reliability Audit Program consists of a 
Weekly Reliability Audit and a Quarterly Reliability Audit. The 
Weekly Reliability Audit consists of rapid (short time) type of 
tests used to monitor the production lines on a real time basis. 
This type of testing is performed at the assembly/test sites and 
at the U.S. Linear Division Center. It provides data for use as 
an early warning system for identifying negative trends and trig- 
gering investigations for causes and corrective actions. 

The Quarterly Reliability Audit consists of long term types of 
tests and is performed at the U.S. Linear Division Center. The 
data obtained from the Quarterly Reliability Audits is used to 
assure that the correlation between the short term weekly tests 
and long term quarterly type of tests has not changed, nor a 
new failure mechanism has appeared. 

A large data base is established by combining the results from 
the Weekly Reliability Audit with the results from the Quarterly 
Reliability Audit. Such a data base is necessary for estimating 
long term failure rate and evaluating potential process improve- 
ment changes. Also, after a process improvement change has 
been implemented, the Linear Reliability Audit Program provides 
the system of monitoring the change and the past history data 
base for evaluating the affect of the change. 


The experimental test plan is as follows: 


Electrical Measuremenns: Performed initially and after each 
reliability test, consists of critical parameters and functional test- 
ing at 25°C on a go-no-go basis. 


High Temperature Operating Life Test: Performed to detect 
failure mechanisms that are accelerated by a combination of 
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temperature and electric fields. Procedure and conditions are 
per the MIL-STD-883, Method 1015 with an ambient temperature 
of 145°C for 40 hours or equivalent based on a 1.0eV activation 
energy and the Arrhenious equation. 


Approximate Accelerated Factors 


125°C 50°C 
145°C 4 4000 
125°C 1 1000 


Temperature Cycling/Thermal Shock: Performed to detect 
mechanisms related to thermal expansion and contraction of 
dissimilar materials, etc. Procedure and conditions are per MIL- 
STD-883, Methods 1010 or 1011, with ambient temperatures of 


Quarterly Reliability Audit 


The Quarterly Linear Reliability Audit Program is performed 
at the U.S. Linear Division Center. This testing is designed to 
assure that the correlation between the short term weekly tests 
and the longer quarterly tests has not changed and that no new 
failure mechanisms have appeared. It also provides additional 
long term information for a data base for estimating failure rates 
and evaluation of potential process improvement changes. 


Electrical Measurements: Performed initially and at interim 
readouts, consist of all standard dc and functional parameters 
at 25°C, measured on a go-no-go basis. 


High Temperature Operating Life Test: Performed to detect 
failure mechanisms that are accelerated by a combination of 
temperature and electric fields. Procedure and conditions are 
per MIL-STD-883, Method 1015, with an ambient temperature 
of 145°C for 40 and 250 hours or equivalent, based on 1.0eV 
activation energy and the Arrhenious equation. 


Approximate Acceleration Factors 


125°C 50°C 
145°C 4 4000 
125°C 1 1000 


Temperature Cycling/Thermal Shock: Performed to detect 
mechanisms related to thermal expansion and contraction, mis- 
match effects, etc. Procedure and conditions are per MIL-STD- 
883, Methods 1010 or 1011, with ambient temperatures of 
— 65°C to 150°C or — 40°C to 125°C (JEDEC-STD-22-A104) for 
100 and 1000 cycles. Temperature Cycling and Thermal Shock 
are used interchangeably. 


Pressure Temperature Humidity (Autoclave): Performed to 
measure the moisture resistance of plastic encapsulated pack- 
ages. It detects corrosion type failure mechanism due to free 
ionic contaminants that may have entered the package during 
the manufacturing processes. Conditions are per JEDEC-STD- 


— 65°C to 150°C or —40°C to 125°C (JEDEC-STD-22-A104), 
minimum of 100 cycles. 


Pressure Temperature Humidity (Autoclave): Performed to 
measure the moisture resistance of plastic encapsulated pack- 
ages. It detects corrosion type failure mechanisms due to free 
ionic contaminants that may have entered the package during 
the manufacturing processes. Conditions are per JEDEC-STD- 
22, Method 102, a temperature of 121°C, steam environment 
and 15psig. The duration of the test is 48 hours. 


Analysis Procedure: Devices failing to meet the electrical cri- 
teria after being subjected to an accelerated environmental type 
test are verified and characterized electrically, then submitted 
for failure analysis. 


22, Method 102, a temperature of 121°C, steam environment 
and 15psig. The duration of the test is for 96 hours, with a 48 
hours interim readout. 


Pressure Temperature Humidity Bias (Biased Autoclave): 
This test measures the moisture resistance of plastic encap- 
sulated packages. It detects corrosion type failure mechanism 
due to free and bounded ionic contaminants that may have 
entered the package during the manufacturing processes, or 
they may be bound in the materials of the integrated circuit 
packaging system and activated by the moisture and the applied 
electric fields. Conditions are per JEDEC-STD-22, Method 102, 
with bias applied. Temperature is 121°C, steam environment 
and 15psig. Duration is for 32 hours, with a 16 hour interim 
readout. This test detects the same type of failures as the Tem- 
perature Humidity Bias (85°C, 85% RH, with bias) test, only 
faster. The acceleration factor between PTHB and THB is be- 
tween 20 and 40 times, depending on the type of corrosion 
mechanism, electric field and packaging system. 


Temperature, Humidity & Bias (THB): This test measures the 
moisture resistance of plastic encapsulated packages. It detects 
corrosion type failure mechanisms due to free and bounded ionic 
contaminants that may have entered the package during the 
manufacturing processes, or they may be bound in the materials 


_of the integrated circuit packaging system and activated by mois- 


ture and the applied electric fields. Conditions are per JEDEC- 
STD-22, Method 102 (85°C, 85% RH), with bias applied. The 
duration is for 1008 hours, with a 504 hour interim readout. The 
acceleration factor between THB (85°C, 85% RH and bias) and 
the 30°C, 90% RH is typically 40-50 times, depending on the 
type of corrosion mechanism, electric field and packaging 
system. 


Analysis Procedure: Devices failing to meet the electrical cri- 
teria after being subjected to an accelerated environmental type 
test are verified and characterized electrically, then submitted 
for failure analysis. 
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Commercial Product Processing Levels 


Motorola’s reliability and quality-enhancement program was developed to provide improved levels of quality and 
reliability for standard commercial products. ) , 


The “Better” Program 


THE “BETTER” program is offered on MOS, Linear ECL, TTL, LS TTL, DTL and HTL in dual-in-line ceramic and 
plastic packages. : 


Motorola standard commercial integrated circuits are manu- BETTER PROCESSING — STANDARD PRODUCT PLUS: 


factured under stringent in-process controls and quality inspec- Level 
tions combined with the industry's finest outgoing quality in- 100% Screen 
“sg” 
Temp. Cycle, 10 Cycles Xx 
—65°C to + 150°C 


spections. The “BETTER” program offers three levels of extra 

processing, each tailored to meet different user needs at nominal 

costs. é 
Burn-In — Mil-Std-883 = Sai 
Post Burn-In Electrical! .2 S| 
100°C Functional 


The program is designed to: 


@ Eliminate need for independent test labs and 
associated extra time and costs 


e Reduce field failures 

ata enc 
e@ Reduce equipment downtime rantenes sal io 
@ Reduce board and system rework 1. anos aie ia dc 100% at Ta Max (Levels | and Ill, 25°C 
bd Reduce infant mortality 2. Nios ee and dc 100% at 100°C. 
@ Save time and money 3. Additional standardized flows, when available, will be added as BETTER Level 
e Increase end-customer satisfaction IV, V, etc. 


ee eee 


High Temperature Functional «TST = 100°C or TaMax | c.oot_ | * | 0.061 
TA 


“BETTER” AQL GUARANTEES 
008 


External Visual and Mechnical Major/Minor 0.061 0.061 0.061 


Hermeticity Gross/Fine 0.15 0.15 0.15 
(Not Applicable to Plastic Packages) 


“AQL” values shown are for reference only. “LTPD” type sampling plans that are equal to or tighter than values indicated may be used. Also, the 
guaranteed electrical and visual/mechanical AQL levels will be progressively tightened. Contact your nearest Motorola sales office for current 
values. 


*Some products are also AC specified at Ta Min and Ta Max. In those instances, AQL guarantees will be per Motorola standard. The AQL 
guarantee for Functional on “LEVEL II” processing will also be per Motorola standard. 


How to Order Part Marking 
MC34004 Pp D The Standard Motorola part number with the corresponding 
ht < “T “> “BETTER” suffix can be ordered from your local authorized 
Motorola distributor or Motorola sales offices. “BETTER” pricing 
Part Standard BETTER will be quoted as an adder to standard commercial product price. 
Identification Package PROCESSING 
Suffix LEVEL | = SUFFIX S 


LEVEL Il = SUFFIX D 
LEVEL |i! = SUFFIX DS 
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Generalized “BETTER” Product Flow for Linear 


WAFER 
FABRICATION 


Scanning Electron Microscope Wafer Process Control Monitor. To control oxide step profiles, contact 
coverage, and metallization integrity. (Engineering option.) 


CV Plot Wafer Process Control Monitor: To control field inversion potential, base inversion — surface 
channel formation, and to detect any spurious contamination problems. (Engineering option.) 


100% VOLTAGE Performed at final wafer probe (or, optionally, at final electrical test) to screen out potential pinhole shorts, 
STRESS & LOW interlayer metal shorts, N+ crossunder shorts, diffusion faults, and similar defects that cannot be detected 
LEVEL LEAKAGE by visual die high-power inspection. 


Die High-Power Sample Gate Inspection: Performed by in-process Q.A. to a 5.5% AQL to detect any 
damage caused by 100% wafer probe or mechanical scribe and break operation, or any scratches, 


metallization smears, or glass on bonding pads. 
DIE BOND 
WIRE BOND 


DBI Combined Die Bond and Wire Bond Sample Gate Inspection: Performed by in-process Q.A. to 0.40% 

& AQL to detect any misaligned or lifted die, to assure adequate “wetting” for low thermal resistance and 

WBI high die shear strength, and to detect any improper wire bonds or wire dress, and any wire bonder damage. 

(ven) Wire Pull Monitor: Performed by in-process Q.A. to maintain process control of bond strength values per 
MIL-STD-883. Method 2011, Condition D. 


Motorola Proprietary Epoxy Molding Compound: Meets or exceeds U.L. flame- HERMETIC 


retarding level UL94V-1. 


Post Encapsulation Bake: Eight hours at 150°C (or six hours at 175°C). Final 
cure for molding compound; also stresses wire and die bonds and helps eliminate 
marginal devices. 


100% Temperature Cycling: MIL-STD-883, Method 1010C, ten cycles — 65°C to + 150°C. Exercising 
| II Hl circuits ten times over a 215°C range stresses the die and wire bonds and generally eliminates any marginal 
bonds and also screens out some types of wafer defects (pinholes, interlayer metal shorts, marginal step 
coverage, N+ crossunder shorts) and marginal seals in hermetic packages. This screening is superior 
to thermal shock screening because it does not introduce latent failures in ceramic packages (microcracks 
in seals) or in plastic packages (entrapped liquid) that can result from liquid-to-liquid thermal shock. 


Hermeticity Monitor: Hermetic packages only — combination fine/gross leak test per modification MIL- 
STD-883, Method 104B. (5 x 10-8 ATM CC/SEC to 1 x 10-4 ATM CC/SEC). Samples to 0.15% AQL. 


100% Electrical: Functional and de parametrics at 25°C or max rated T, (optional). 


100% Burn-in: MIL-STD-883, Method 1015, for 160 hours minimum at T , of 125°C minimum (or equivalent, 
per Arrhenius equation with 1.0eV activation energy). Test condition depends on device type, but generally 
condition A or C. 


100% Electrical: Level | and III Functional tests at max rated Tq Level II Functional and all DC parametrics 
at 25°C or max rated T, at Motorola’s option. Maximum PDA per applicable spec. 


100% High-Temperature Functional Tests: Devices are tested at maximum rated operating temperatures 
assuring reliable operation at elevated temperatures and screening out marginally performing devices that 
could otherwise lower field reliability. Although epoxy molding compounds have essentially eliminated the 
thermal intermittent failure mode, this screen provides protection from any “maverick” intermittent device 
being shipped to a customer. This screening is more effective than hot rail “continuity” testing because 
non-functional devices can often pass a continuity test. 


Q.A. Electrical and Mechanical Final Acceptance Tests: Sampled to the tightened AQL levels of Table 
1. 


Hermeticity Monitor: Hermetic packages only. Combination fine/gross leak test per modification of MIL- 
STD-883, Method 1014B (5 x 10-8 ATM CC/SEC to 1 x 10-4 ATM CC/SEC). Sampled to a 0.15% AQL. 


SHIPPING 
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Standard a IG - Pe FE L Pp rog rams vices approach Qualified Reliability goals without the delay and 


high cost of the actual qualification program. 


Motorola, a pioneer in the manufacture of high-reliability in- Motorola JEDEC PROCESSED products complement JAN- 
tegrated circuits, now offers you a two-way program for Hi Rel QUALIFIED products by making available hi-rel versions of 
products. nearly all Motorola full-temperature range circuits, while adding 
JAN-QUALIFIED the advantage of hi-rel standardization. 

Motorola stocks many circuits which meet JAN-QUALIFIED JEDEC BENEFITS 
specifications, and is actively pursuing an expansion of this qual- 1. Standardization of environmental and electrical test procedures. 


ification listing with product in all IC categories — encompassing 
Bipolar Digital, Linear and MOS technologies. 
JEDEC PROCESSED 

An extensive program supplying JEDEC PROCESSED de- 


. Less specification writing required. 

. Less time required in negotiating specifications. 
. Fast delivery. 

. Lower costs. 


of &® MY 


Standard Military Product Processing Programs 


Wafer Acceptance . 
Internal Visual (Precap) 2010 Condition B and 38510 | 100% 100% 


Stabilization Bake 1008, 24 Hrs. Test Condition | 100% 100% 
C or Equivalent 
1 


Temperature Cycling 1010 Condition C 


Constant Acceleration 2001 Condition E min 100% © ‘| 100% 100% 
in Y; plane 


Pind Testing PT oC™C—~S | 2020 Ceramic Pigs. | 10028 
Seal Fine & Gross 1014 100% 100% 100% 


Interim Electrical As Applicable Device JAN slash sheet elec. spec. 


Note 1 Serialization R&R. Variable 


data. Note 1 
1015 125°C min 240 Hrs. 100% 
Final Electrical Tests 
(a) Static Tests 


PDA = 5% 
JAN slash sheet elec. spec. 
1. 25°C (Subgroup 1, 
Table 1, 5005) 


Read and Record 25°C 
2. Max and min rated 


Note 1 
operating temperature 
(Subgroups 2 and 3 
Table 1, 5005) 

(b) Dynamic Tests and Switching 
Tests 25°C (Subgroup 4 and 9 
Table 1, 5005) 

(c) Functional Test 25°C 

(Subgroup 7, Table 1, 5005) 


Quality Conformance Inspection: | 5005 Class B Sample per 
Group A Applicable 
(a) Static . Specification 
1. 25°C (Subgroup 1) (Provision) 
2. Temperature (Subgroup Equal to 
2&3) or tighter 
(b) Switching than 883 
1. 25°C (Subgroup 9) 
2. Temperature (Subgroup 
10&11) 
(c) Functional 
1. 25°C (Subgroup 7) 


5005 Class B Insp. Lot 
5005 Class B 52 Wks. Prod. | 13 Wks. Prod. 


Per Applicable Device 
Specification 


25°C, — 55°C, 125°C 


5005 Class S 


2012 100% 
5005 Class S Insp. Lot 


Group D 5005 Class B 12 Mos. 6 Mos. 5005 Class S Generic or 
Package - Package Insp. Lot 
Production Production 


Extemal Visual 2009 foo | [2009 


NOTE 1: Motorola data sheet electricals where JAN slash sheets are not available. 
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Ordering and Marking for Better Level Product 


MC34004 P D 
Part Identification Standard Better 
Package Processing 
Suffix Level | = Suffix S 


Level Il = Suffix D 
Level Ill = Suffix DS 


Ordering & Marking 
for JEDEC Hi-Rel Processing Program 


139 j B Cc B JC 

| i t ( t 
Motorola Slash Device Case Lead JEDEC 
Device Class Outline Finish Designator 
Type (See Table) (Same as JAN Same as JAN 
(Without letter Qualified Qualified 
prefix) Product, See Product, See 


Table Below) Table Below 


Ordering & Marking for JAN Qualified Program 


JM38510/10401BCB 


MILITARY DESIGNATOR J indicates Radiation CLASS LEAD FINISH 
a qualified hardness : 


device designator 


1. A — Hot Solder 
Dip 

' 2. B—Tin Plate 

3. C — Gold Plate 

4. X — Don't Care 


Device type 
as designated by 
the applicable military 
specification 


(slash sheet) 


- A— %" x Y4* flat pack, 14-pin . . N — (Size *N/D) flat pack, 24-pin 

B— %e" x Va" flat pack, 14-pin . P— %" x ¥" dual-in-line, 8-pin 

C— %" x ¥4" dual-in-line, 14-pin . Q— 0.60" x 2.00” dual-in-line, 40-pin 

D — %" x ¥" flat pack, 14-pin . R— %" x 1%6" dual-in-line, 20-pin 

E — %" x 7%" dual-in-line, 16-pin . S— %" x ¥2" flat pack, 20-pin 

F — ¥%" x ¥_" flat pack, 16-pin . T — (Size *N/D) flat pack, 22-pin 

G — 8-lead can . U— 0.40” x 0.40” leadless flat pack, 24-pin 
H — %" x %" flat pack, 10-lead . V— 0.30" x 1.00” dual-in-line, 18-pin 

. |— 10-lead can . W — 0.40” x 1.10” dual-in-line, 22-pin 

. J — %" x 1%" dual-in-line, 24-pin 

. K—%" x %" flat pack, 24-pin Variable per applicable slash sheet 
. L—%" x %" flat pack, 24-pin 

. M— 12-lead can *N/D — NOT DEFINED 


1 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 

10 

11 

12 

13 
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Applications Literature 


The application literature listed in this section has been pre- 
pared to acquaint the circuits and systems engineer with 
Motorola Linear integrated circuits and their applications. To 
obtain copies of the notes, simply list the publication number or 
numbers and send your request on your company letterhead to: 
Technical Information Center, Motorola Semiconductor Products 
Inc., RO. Box 20912, Phoenix, Arizona 85036. 


Application Note Abstracts 


AN-401 The MC1554 One-Watt Monolithic 
Integrated Circuit Power Amplifier 


This application note discusses four different applications for 
the MC1554, along with a circuit description including de char- 
acteristics, frequency response, and distortion. A section of the 
note is also devoted to package power dissipation calculations 
including the use of the curves on the power amplifier data sheet. 


AN-471 Analog-to-Digital Conversion Techniques 


The subject of analog-to-digital conversion and many of the 
techniques that can be used to accomplish it are discussed. The 
paper is written in general terms from a system point of view 
and is intended to assist the reader in determining which con- 
version technique is best suited for a given application. 


AN-489 Analysis and Basic Operation 
of the MC1595 


The MC1595 monolithic linear four-quadrant multiplier is dis- 
cussed. The equations for the analysis are given along with 
performance that is characteristic of the device. A few basic 
applications are given to assist the designer in system design. 


AN-491 Gated Video Amplifier Applications 
Using The MC1545 


This application note reviews the basic operation of the 
MC1545 and discusses some of the more popular applications 
for the MC1545. Included are several modulator types, temper- 
ature compensation of the active gate, AGC, gated oscillators, 
FSK systems, and single supply operation. 


AN-513 A High Gain Integrated Circuit RF-IF 
Amplifier with Wide Range AGC 


This note describes the operation and application of the 
MC1590G, a monolithic RF-IF amplifier. Included are several 
applications for IF amplifiers, a mixer, video amplifiers, single 
and two-stage RF amplifiers. 


AN-531 MC1596 Balanced Modulator 


The MC1596 monolithic circuit is a highly versatile commu- 
nications building block. In this note, both theoretical and prac- 
tical information are given to aid the designer in the use of this 
part. Applications include modulators/demodulators for AM, 
SSB, and suppressed carrier AM; frequency doublers and HF/ 
VHF double balanced mixers. 


AN-543A Integrated Circuit IF Amplifiers for 
AM/FM and FM Radios 


This application note discusses the design and performance 
of four IF amplifiers using integrated circuits. The IF amplifiers 
discussed include a high performance circuit, a circuit utilizing 
a quadrature detector, a composite AM/FM circuit, and an econ- 


“omy model for use with an external discriminator. 


ON 


AN-545A Television Video IF Amplifier Using 


_ Integrated Circuits 


This applications note considers the requirements of the video 
IF amplifier section of a television receiver, and gives working 
circuit schematics using integrated circuits which have been 
specifically designed for consumer oriented products. The in- 
tegrated circuits used are the MC1350, MC1352, and the 
MC1330. 


AN-547 A High-Speed Dual Differential 
Comparator, The MC1514 


This application note discusses a few of the many uses for 
the MC1514 dual comparator. Many applications such as sense 
amplifiers, multivibrators, and peak level detectors are presented. 


AN-587 Analysis and Design of the Op Amp 
Current Source 


A voltage controlled current source utilizing an operational 
amplifier is discussed. Expressions for the transfer function and 
output impedances are developed using both the ideal and non- 
ideal op amp models. A section on analysis of the effects of op 
amp parameters and temperature variations on circuit perfor- 
mance is presented. 


AN-599 Mounting Techniques for Metal Packaged 
Power Semiconductors 


For cooler, more reliable operation, proper mounting proce- 
dures must be followed if the interface thermal resistance be- 
tween the semiconductor package and heat sink is to be mini- 
mized. Discussed are aspects of preparing the mounting surface, 
using thermal compounds, and fastening techniques. Typical 
interface thermal resistance is given for a number of packages. 


AN-702 High Speed Digital-To-Analog and 
Analog-To-Digital Techniques 


A brief overview of some of the more popular techniques for 
accomplishing D/A and A/D techniques. In particular those tech- 
niques which lead themselves to high speed conversion. 


AN-703 Designing Digitally-Controlled 
Power Supplies 


This application note shows two design approaches; a basic 
low voltage supply using an inexpensive MC1723 voltage reg- 
ulator and a high current, high voltage, supply using the MC1466 
floating regulator with optoelectronic isolation. Various circuit 
options are shown to allow the designer maximum flexibility in 
an application. 


AN-708A Line Driver and Receiver Considerations 


This report discusses many line driver and receiver design 
considerations such as system description, definition of terms, 
important parameter measurements, design procedures and 
application examples. An extensive line of devices is available 
from Motorola to provide the designer with the tools to implement 
the data transmission requirements necessary for almost every 
type of transmission system. 


AN-713 Binary D/A Converters can Provide 
BCD-Coded Conversion 


This note describes the application and use of integrated cir- 
cuit D/A converters for use in providing a BCD-coded conver- 
sion. The technique is illustrated using a 2-1/2 digit digital 
voltmeter. 
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APPLICATIONS LITERATURE (continued) 


AN-714 A Personalized Heart-Rate Monitor 
with Digital Readout 


Using the micropower operational amplifier MC1776 and 
CMOS digital integrated circuits, entirely self-contained portable 
electro-medical monitoring equipment can be built. This note 
details the construction of a heart-rate monitor giving a digital 
indication, beat-by-beat. 


AN-716 Successive Approximation A/D Conversion 


Recent advances in integrated circuit design and technology 
have resulted in reduced cost of high performance successive 
approximation analog to digital converters. This note describes 
and illustrates two examples of how modern IC components 
have changed this well known technique. 


An-719 A New Approach to Switching Regulators 


This article describes a 24-Volt, 3-Ampere switching mode 
supply. It operates at 20 kHz from a 120 Vac line with an overall 
efficiency of 70%. New techniques are used to shape the load 
line. The control portion uses a quad comparator and an opto 
coupler and features short circuit protection. 


AN-720 Interfacing with MECL 10,000 


This article describes some of the MECL circuits used to in- 
terface with signals not meeting MECL input or output require- 
ments. The characteristics of these circuits such as input imped- 
ance, output drive, gain and bandwidth allow the system 
designer to use these parts to optimize his system. MECL in- 
terface circuits overcome a problem area of many system de- 
signs, which is the efficient coupling of non-compatible signals. 


AN-727 Television Horizontal APC/AFC Loops: 
The Last 10 Percent 


A discussion of some common problems that may be en- 
countered with the design of Horizontal APC/AFC loops and 
methods to avoid or overcome them. 


AN-737A Switched Mode Power Supplies — 
Highlighting A 5.0-V, 40-A Inverter Design 


This application note identifies the features of various regu- 
lator circuits that are in use today in ac to de power supplies. 
The note also illustrates how these circuits may be used as 
complementary building blocks in a system design. Primary em- 
phasis is on switched mode regulators because they fill the 
present need for energy and space savings. 

A complete 5.0-V, 40-A line operated inverter supply is de- 
scribed in detail including design procedures for the magnetic 
components. The inverter itself is a “state-of-the-art” design 
which features CMOS logic, high voltage power transistors, 
Schottky rectifiers and an optoelectronic coupler. It operates with 
a full load efficiency of 80% at a frequency of 20 kHz. 


AN-752 An 80-Watt Switching Regulator for 
CATV and Industrial Applications 


This application note describes a 24-Volt, 3.0-Ampere switch- 
ing, regulated power supply that operates above 18 kHz from 
a 40-to 60-Volt, 60-Hz square wave source (CATV power line 
from a feroresonant transformer) or a dc standby source with 
input output isolation. The control circuit consists of a dual op- 
erational amplifier and a linear integrated circuit timer which are 
used to vary the on time of a new high-speed power transistor. 
The circuit provides good efficiency, good regulation, low output 
ripple and incorporates input and output voltage over shutdown 
protection. 


AN-760 Application of The MC3416 
Crosspoint Switch 


The operation and application of the MC3416 4 x 4 balanced 
crosspoint switch is described in detail. Special emphasis is 
given to balanced switching systems like those in space division 
PABX. Discussion of the total system design using the MC3416 
is also included. 


AN-767 A Line Operated, Regulated 5.0 V/50 A 
Switching Power Supply 


This application note describes a regulated 220 Vac to 5.0 
Vde converter using high voltage switching transistors and 
Schottky barrier rectifiers. The control functions are all performed 
by integrated circuits. 


AN-775 M6800 Systems Utilizing the MC6875 
Clock Generator/Driver 


This application note describes the use of the MC6875 clock 
generator/driver in M6800 based systems. Design examples will 
demonstrate the capabilities of the driver in systems using slow 
and/or dynamic memories. Multiprocessing and DMA methods 
are also covered. 


AN-778 Mounting Techniques for Power 
Semiconductors 


For reliable operation, semiconductors must be properly 
mounted. Discussed are aspects of preparing the mounting sur- 
face, using thermal compounds, insulation techniques, fastening 
techniques, handling of leads and pins, and evaluation methods 
for the thermal system. 


AN-781A Revised Data Interface Standards 


This application note provides a brief overview and comparison 
of communication interface standards RS-232-C, RS-422A, 
RS-423, RS-449 and RS-485 for the hardware designer. A listing 
of the standard’s specifications and appropriate Motorola de- 
vices are included. 


AN-787 An M6800 Clock System That Handles 
DMA and Memory Refresh Cycle Stealing 


Dynamic memory and three-state cycle stealing for Direct 
Memory Access transfers require a clock generator and priority 
logic to maintain proper refresh times of the dynamic MPU and 
dynamic memory. The design presented here demonstrates use 
of the MC6875 clock generator with an MC6800 MPU. 


AN-829 Application of the MC1374 TV Modulator 


The MC1374 was designed for use in applications where sep- 
arate audio and composite video signals are available, which 
need converting to a high quality VHF television signal. It’s idealy 
suited as an output device for subscription TV decoders, video 
disk and video tape players. 


AN-842 Microprocessor-Compatible DACs 
and the MC6890 


As the range of applications and consequently the usage, of 
microprocessors steadily increases, the need for more efficient 
interfacing also increases. There has been developed a class 
of DACs which incorporate the commonly used circuits neces- 
sary for microprocessor interfacing, thus easing the design prob- 
lems involved. 


AN-844 Extending the Capabilities of the MC10315/ 
MC10317 Flash A/D Converters 


Recent advances in manufacturing capabilities have provided 
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the means to produce 7-bit flash converters in monolithic form. 
This application note will discuss some of the means whereby 
the user may extend the resolution and speed of the basic 


_ devices. 


AN-848.. An Evaluation System for High-Speed 
A-D and D-A Converters . | 

The purpose of this application note is to describe the 
capabilities and operation of the MC10315 and MC10317 flash 
A-D converter, as well as their application in an Evaluation Board 
designed for their use at frequencies which include video rates. 


AN-877 Precision Voltage References for the 


MC10315/MC10317 Flash A-D Converters 


In order to produce a digital representation of an analog signal, 
all analog-to-digital converters require a reference voltage. The 
digital output word is the result of a comparison of that analog 
voltage versus the reference voltage. 

While most analog-to-digital converters have a high input 
impedance for the reference voltage, the MC10315/10317 flash 
A-D converters have a reference input resistance of (typically) 
64 ohms, thus requiring a significant current be supplied from 
a precision source. This application note describes several Cir- 
cuit configurations which can be used to supply the reference 
voltage, and current, at the stability by the A-D converters. 


AN-879 Monomax—Application of the MC13001 
Monochrome Television Integrated Circuit 


This application note presents a complete 12” black and white 
line-operated television receiver, including artwork for the printed 
circuit board. It is intended to provide a good starting point for 
the first-time user. Some of the most common pitfalls are over- 
come, and the significance of component selections and loca- 
tions are discussed. 


AN-917 Reading and Writing in Floppy Disk 
Systems Using Motorola Integrated Circuits 


The floppy disk system has become a widely used means for 
storing and retrieving both programs and data. A floppy disk 
drive requires precision controls to position and load the head 
as well as defined read/write signals in order to be a viable 
system. This application note describes the use of the MC3469 
and MC3471 Write Control ICs and the MC3470 Read Amplifier 
which provide the necessary head and erase control, timing 
functions, and filtering. 


Engineering Bulletin Abstracts 


EB-20 Multiplier/OP Amp Circuit Detects True RMS 


Two op amps and two multipliers are used in the circuit de- 
scribed by EB-20 to obtain the true rms of an input voltage 
ranging from 2 to 10 Vpk. 

EB-51 Successive Approximation BCD 
A/D Converter 
A successive approximation A/D converter in which a digital- 


to-analog converter in a feedback loop produces a BCD digital 
output from an analog input is described in EB-51. 


EB-57 An Economical FM Transmitter Voice 
Processor from a Single IC 


An MC3401 Quad Op-Amp is used as a Microphone/Modu- 
lation interface in an FM transmitter. 


EB-66A A Symmetry Correcting Circuit for Use 
with the MC3420 

EB-66 shows a method of implementing an external 
symmetry-correction circuit with the MC3420 Switchmode Reg- 
ulator Control IC to insure balanced operation of the power trans- 
former in push-pull inverter configurations. 


EB-78 New ICs Perform Control and Ancillary 
Functions in High Performance Switching Supplies 

This bulletin discusses the MC3420 and MC3423. The 
MC3420 performs a great number of functions required for the 
control of inverter type Switchmode power supplies. The MC3423 
is for the overvoltage protection of power supplies. 


EB-85A Full-Bridge Switching Power Supplies 


This bulletin provides information for the preliminary selection 
of devices required for implementation of a full-bridge-configu- 
ration supply from 500 to 1000 waits. 


EB-86 Half-Bridge Switching Power Supplies 


This bulletin provides information for the preliminary selection 
of devices required for implementation of a half-bridge-config- 
uration supply from 100 to 500 watts. 


EB-87A Flyback Switching Power Supplies 


This bulletin provides information for the preliminary selection 
of devices required for implementation of a flyback-configuration 
supply from 100 to 250 watts. 


EB-88 Push-Pull Switching Power Supplies 


This bulletin provides information for the preliminary selection 
of devices required for implementation of a push-pull-configu- 
ration supply from 100 to 500 watts. 


EB-100 A Simplified Power-Supply Design 
Using the TL494 Control Circuit 


This bulletin describes the operation and characteristics of the 
TL494 Switchmode Voltage Regulator and shows its application 
in a 400-watt off-line power supply. 


TMOS Design Tip Abstracts 


TDT-101B A 100 kHz FET Switcher 


This note describes a circuit for a 60 W, 100 kHz FET switcher 
with four output voltages, operating from 120 Vac. 
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